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The current concept of adrenal physiology is that at least 
2 types of hormones are elaborated in the adrenal cortex. 
The first of these, which may be described in terms of its 
jjrototype desoxyeorticosterone, regulates the concentration 
of electrolytes in the tissues and is apparently elaborated in 
the glomerular zone of the adrenal cortex. The second, the 
prototype of which is corticosterone, controls giuconeogenesis 
and appears to be secreted by the cells of the zona fasciculata. 
The first of these hormones does not seem to be regulated im- 
portantly by the anterior pituitary gland, whereas the second 
is (Swann, ’40; Deane and Creep, ’46). Therefore, the obser- 
vation that pantothenic acid deficiency caused enlargement of 
the adrenal gland, accompanied by a reduction in the steroid 
content of the fasciculata and by a decrease in weight of the 
thymus (an index of pituitary-adrenal activity), suggests that 
an effect of the vitamin deficiency had been to stimulate an 

^ This work was done in part under a grant to the Department of Anatomy from 
the American Cancer Society on the recommendation of the Committee on Growth 
of the National Besearch Gonncih 

2 We are indebted to Merck and Company, Inc., Eahway, N. J., for the crystalline 
vitamins used in these studies. 
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excessive secretion of corticosterone and its liomologiies 
(Deane and McKibbin, ’46). Sueli a response is entirely com- 
parable to the production of the adaptation syndrome of 
Selye (’46), in which physiological stress leads to a homeo- 
static increase in the activity of the pituitary and adrenal 
glands. 

Since pantothenic acid deticiency thus alters the activity of 
the biological mechanism which regulates gluconeogenesis, it 
seemed possildo that this alteration might be a reaction to a 
disturbance in carbohydrate metabolism. Therefore other dis- 
turbances in carbohydrate metabolism might cause the same 
etfeets. To test this possibility, deficiencies in thiamine and 
riboflavin, known to lie constituents of coenzymes for the 
oxidation of carbohydrates, were studied as well as a deficiency 
of pyridoxine, believed to 1 ‘eg'ulate transamination (Hawkins, 
MacParland and McHenry, ’46). After the first experiment 
had shown that thiamine deficiency rapidly activated the pitu- 
itary-adrenal-thymus system, the study was extended to deter- 
mine whether the response was caused by the vitamin 
deficiency per se or by the partial inanition induced by the 
deficiency. 

MATEEIAL AND METHODS 

For the first experiment, 20 young male rats of the Long- 
Evans strain were used. Seven controls were fed a purified 
diet (table 1) essentially similar to that employed by Deane 
and McKibbin, but with the addition of p-aminobenzoic acid, 
inositol and biotin in an attempt to prevent the fatty infiltra- 
tion of the liver observed in the control animals of the previous 
investigation. Five rats were maintained on this purified 
ration lacking thiamine, 4 on the ration lacking riboflavin, and 
4 on the ration lacking pyridoxine. Control and deficient ani- 
mals were killed together at intervals according to the severity 
of the deficiency signs (table 2). The rats were killed in the 
forenoon, when glycogen is normally present in the liver and 
its quantity may be judged. 

For the second experiment, 20 young male rats of the 
Long-Evans strain were distributed in groups of 4 according 
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to weight. Of each group, 1 was fed tlie thiamine deficient 
diet (TD) and the other 3 were fed the control purified diet. 
One of the controls was paired with the deficient rat so that 
its weight was similarly restricted (WR), and the second had 
its food intake restricted (IR) to that of the deficient. The 
third was permitted to eat ad lihitum (AL). Groups were 
killed at the end of 1, 2 and 3 weeks. 


TABLE 1 

Constituents of complete purified diet. 


BASAIj mixture 


VITAMIN'S AND OTHER SUPPHEMENTS 


Sucrose (gm) 

67 

Thiamine-HOl 






(/*«) 

260 



Casein, jiurifiod ^ 


Pyridoxine-HCl 


Clioiine chloride 


(gni) 

24 

(A^g) 

250 

(mg) 

100 

Suit mixture ^ (gm) 

4 

Eiboflavin (fig) 

300 

Inositol (mg) 

100 

Corn oil (gm) 

5 

Niacin (mg) 

2,6 

Irradiated 






ergosterol (I.IT.) 

310 



Ca -pantothenate 






(mg) 

2 

a-tocoxiherol (mg) 

6 



p-aniinobenzoie 






acid (mg) 

30 

/3-caratene (mg) 

1.1 



Biotin (jug) 

40 

2-mcthyl,lj4-naphtho- 






quinone (Atg) 

600 


^ BMA. 

^ Phillips and Hart. 


At autopsy the paired adrenals and the thymus of each 
animal were weighed on a Rollex’-Smith precision balance. 
The adrenals and pieces of liver were then fixed in 10% 
neutralized formalin for lipids and in Maximow’s Zenker- 
formalin for mitochondria. In addition, in the first experiment, 
pieces of liver were fixed for glycogen in Bossman’s picro- 
alcohol-f ormalin. 

For the cytochemical demonstration of lipids, the formalin- 
fixed blocks were cut on a freezing microtome at 15 m- From 
each block 1 section was stained with sudan IV and Harris’ 
hematoxylin, another with sudan black B, and a third by the 
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Scbiff plasinal luetliod. A fourth section was mounted un- 
stained, and a fifth was extracted with -acetone before mount- 
ing. The latter sections were viewed on the polarizing and 
fluorescence microscopes for substances which are birefring- 
ent, possess a greenish- white autofluorescence, and are acetone- 
soluble. Any acetone-soluble, sudanophilic material which is 
also Schiff-positive, birefringent and autofluore scent may be 
considered a ketosteroid, since no other single class of sub- 
stances gives all of these reactions (Dempsey and Wislocki, 
’46). 

For mitochondrial preparations the Maxiniov-fised blocks 
were postchromated for 3 days at 37 °C., sectioned in paraffin at 
3 M, and stained with Mallory’s phosphotungstie acid hematox- 
ylin. To demonstrate liver glycogen, the pieces fixed in Boss- 
man’s fluid W'ere sectioned in paraffin at 5 g and staiired by 
the Bauer-Feulgen technique (Bensley, ’39). 

OBSERVATIONS 

Deficiencies of thiamine, rihofiavin, and pyridoxine 

Weight changes. Table 2 presents the changes in the weight 
of the rats and the proportional weights of their thymuses 
and paired adrenals in the first experiments. The controls 
grew steadily and well on the purified diet. The thiamine 
deficient rats ceased to gain weight by the end of the second 
week, were losing weight by the end of the third, and were 
below their initial weight and moribund after 4 weeks on the 
diet. The rats deficient in riboflavin and in pyridoxine con- 
tinued to gain w^eight at a slow rate throughout the experi- 
mental period of 10 wrecks, never becoming moribund. The 
only period of marked illness in these 2 groups occurred be- 
tween the second and fourth wmeks, after which there wms 
some regression of the acuteness of the signs of their 
deficiencies. 

In the control group, the weights of the paired adrenals and 
of the thymus gland drop gradually in relation to body weight, 
as is characteristic of normal ageing (Korenchevsky, ’42). 
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In thiamine deficiency, on the other hand, a progressive in- 
crease in the relative weight of the adrenals occurs durfhg the 
experimental period of 44- weeks, and the atrophy of the 
thymus is far more rapid than normal. In the absence of 

TABLE 2 

Data on mis fed diets deficient in thiamine, or rihoflavin, or pyridoxine 
and their controls. 


DIET 

ANI* 

JIAD 

WEEKS 
OK" DIET 

INlTIAIi 

WT. 

fit 

TERM 

WT. 

WT. 

CHANGE 

ADRE“ 

NAIj 

PROD.® 

THYMUS 

PROP.® 




(jht 

IflU 

{fDl 

!/fll 

Diff/nxj f/ni 

r’oiitrol 

A 

3 

G2 

l-ll) (21d) 

140 

-1- 78 

16.2 

260 


B 

3 

56 

1.38 (21d) 

138 

-f 82 

21.3 

402 


G 

4 

56 

166 (28d) 

166 

+ 110 

23.5 

332 


D 

G 

56 

198 ^26) 

198 

4- 142 

14.5 

234 


E 

8 

74 

258 (56d) 

258 

+ 184 

15.1 

236 


E 

10 

70 

241 (70d) 

241 

4" 141 

13.5 

155 


G 

10 

49 

229 (70d) 

229 

+ 180 

14.2 

92 

Til ian line 

A 

3 

92 

130 (14d) 

112 

4-10 

27.1 

61 

(lefieient 

B 

3 

94 

135 (14d) 






G 

o 

72 

1112 (146) 

72 

0 

29.8 

124 


I) 

4 

97 

143 (14d) 

93 

^4 

38.6 

27 


E 

4^ 

102 

139 (14d) 

94 

— 8 

38.4 

62 

Kibofiaviii 

A 

3 

57 

77 (14d) 

65 

4-8 

30.9 

169 

defieieiit 

B 

6 

57 

76 (42d) 

76 

4- 19 

26.0 

47 


C’ 

8 

73 

99 (5601 

99 

+ 26 

18.8 

117 


i) 

10 

73 

133 (63d) 

132 

4- riv 

16.8 

M8 

Pyridoxine 

A 

3 

42 

67 (21d) 

67 

4- 25 

25.8 

51 

deiieient 

r> 

G 

44 

83 (24d) 

70 

4- 20 

32.6 

42 


c 

8 

46 

114 (56d) 

114 

+ 68 

22.8 



B 

10 

42 

123 (70d) 

123 

4- 81 

18.2 

86 


* Dfita in parentbesra give day when tbeir maximum weiglit was attained. 
“ Proportional weight. 


riboflavin or pyridoxine from the diet, however, the adrenals 
remain relatively large up to 6 weeks and then become smaller. 
Eiboflavin deficiency causes little change in the thymus gland, 
whereas pyridoxine deficiency results in considerable atrophy. 
Thus the 3 deficiencies studied produce entirely different pat- 
terns of response in the adrenals and thymus. 
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Histological results, a. Controls rats. In all controls, tlie 
adrenal cortex presents tlie normal picture. Four zones are 
distinguisliable by tlie organization of the cells and by their 
lipid contents. The subcapsular zone, or glomerulosa, is 
composed of loops of cells filled with moderate sized, deeply 
staining sudanophilic droplets (fig. 1) which are, in addition, 
acetone soluble, Sehiff-positive (fig. 4), autofluoreseent, and 
bivefringent (fig. 8). Here thfe birefringent particles are 
crowded and usually both coarse and fine in size. (The work 
of Weaver and Nelson (’43) indicates that small particles are 
in the process of being released from the cells, whereas the 
coarse ones ai’e storage material.) There follows a narrow, 
fat-free transitional zone. Then comes the zona fascieulata, 
comprising long cords of cells separated by narrow sinusoids. 
On the basis of lipid content this zone may be divided into 2 
sections — a broad, outer region in which the cells are swollen 
with small, pale sudanophilic droplets and a narrower, inner 
region in which lipids are greatly reduced in amount. The 
lipid droplets of the fascieulata contain ketosteroids as evi- 


aencea by tJie battery of histochemical tests. The birefringent 
material is sparser here than in the glomerulosa, especially in 
the younger animals, and consists of scattered coarse particles 
with many fine ones intermixed. The cords of cells are some- 
what disorganized immediately adjacent to the medulla (zona 
reticularis), and the sinusoids anastomose into larger vessels. 
Here the cells contain sudanophilic droplets of irregular size 
which fail to display all of the ketosteroid reactions and 
probably may be considered to be triglycerides. 

Mitochondrial preparations of the adrenals of these rata 
likewise present the normal picture. These organelles are fine 
granules in the glomerulosa, slightly larger spheres in the 
outer fascieulata, and again small granules in the inner fas- 
ciculata and reticularis (Deane and Greep, ’46, figs. 22 and 23). 

The livers of some of these rats exhibit some fatty inflltra- 

j extremely than with the previous diet (Deane 
and McKibbm). Very little infiltration occurs by 6 weeks, but 
a moderate accumulation is variably present by 10 weeks. The 
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fat occurs in small droplets in tlie central cells of the lobule, 
but it fails to present the ketosteroid reactions observed in 
the former investigation. Apparently the addition of more 
vitamins to the purified diet partially rectifies the conditions 
leading to a fatty liver. This may be due principally to the 
inositol, which is known to possess lipotropic activity (Best 
et al., ’46). A moderate amount of glycogen occurs in these 
livers and appears mostly in the peripheral part of the lobule. 
The hepatic cell mitochondria are small and exhibit the usual 
zonation by being spherical in the cells at the periphery of the 
lobule, rod-shaped in the intermediate zone, and fibrillar and 
veiy light staining in the center. 

h. Thiamine deficient rats. The dietary lack of thiamine 
produces essentially the same alterations in the adrenal cortex 
of the rat that were observed in pantothenic acid deficiency. 
At 3 weeks the adrenal sections stained with sudans show an 
unchanged zona glomerulosa but a fasciculata containing less 
lipid than in the control prepai-ations. Moreover, the fat-free 
transitional zone has disappeared. The Schiff reaction is in- 
tense in the glomerulosa but very faint in the fasciculata, 
where it is limited to the outer-most layers, A normal quantity 
of birefringent particles occurs in the glomerulosa, whereas 
in the fasciculata the birefringence is increased beyond the 
normal amount. Autofluorescence of usual intensity persists 
in the giomerulosal cells and in the outer half of the fasciculata. 

At 4 and 4-i weeks, although the lipid of the glomerulosa is 
of almost normal quantity and retains all of the ketostei’oid 
characteristics, sudanophilia has virtually disappeared from 
the fasciculata (fig. 3). Furthermore, the small amount of 
residual lipid does not possess the ketosteroid reactions. 

Whereas the mitochondria in the cells of the zona glomeru- 
losa in these adrenals are the usual small granules, those in the 
fasciculata differ distinctly from normal. They are greatly 
swollen, irregular in size within individual cells, and stain 
very slightly. 

The liver preparations for these animals exhibit the follow- 
ing characteristics. Sudanophilic lipids are completely absent. 
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Glycogen is present in extremely small amounts. Tlie pliosplio- 
tungstic-acid hematoxylin preparations reveal that the hepatic 
cells are smaller than normal and the mitochondria are swollen, 
veseicnlated aiid irregular in size. 

c. Riboflavin deficient rats. The rats lacking riboflavin in 
the diet were killed at 3, 6, 8 and 10 weeks, respectively. The 
concentration and distribution of sudanophil lipids in the 
adrenals are within the usual range for all 4, and the keto- 
steroid tests are essentially normal, although the transitional 
zone has been obliterated (fig. 5). The quantity of birefringent 
particles is somewhat increased in the outer fascieulata. 
Paraffin sections of the adrenals, moreover, reveal that the 
fascieulata cells are smaller than normal but the mitochondria 
are spheres of the usual size. 

The livers of the riboflavin deficient rats display a fatty 
infiltration at 3 and 6 weeks which is considerably greater 
than that which occurs in the corresponding control rats. 
Moreover, the fat is concentrated in the peripheral cells of the 
lobule and occurs in large-sized drops. It fails to give the 
ketosteroid reactions. By 8 and 10 weeks of deficiency, this 
fatty infiltration has disappeared. Glycogen is moderately 
concentrated in the liver cells and occurs chiefly near the 
central vein of the lobule. The mitochondria are normal. 

d. Pyridoxine deficient rats. The 4 rats fed the pyridoxine 
deficient diet w'ere killed at 3, 6, 8, and 10 weeks, respectively. 
Cytochemically their adrenal cortices indicate some stimula- 
tion at 3 weeks which disappears later. Tlius at 3 w^eeks, al- 
though the glomerulosa appears normal, the fascieulata and 
reticularis display an augmented amount of sudanophilic 
lipids which fill all of the cells to the border of the medulla. 
This lipid is Schiff-positive and moderately autofluoreseent, 
and the whole region contains crowded fine birefringent par- 
ticles. At 6 and 10 weeks, however, the appearance of the lipid 
preparations is no different from that of the controls (fig. 6). 
The mitochondria are fine granules of normal appearance in 
all these adrenals. 
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The livers of the pyridoxiiie deficient rats are uniformly 
free of histologically demonstrable fat. They exhibit a moder- 
ate concentration of glycogen which is greater at the periphery 
of the lobule than at the center. The mitochondria are entirely 
normal. 

Comparison of reactions to thiamine deficiency and, 
to inanition 

Weight changes. Five groups of 4 young male rats each 
were compared for the effect on the adrenal cortex and thymus 
of thiamine deficiency and comparable degree of inanition. 
Inspection of table 3 reveals that the deficient rats (TD) 
ceased gaining weight on about the eleventh day, the weight 
restricted (WR) rats on the twelfth, and the intake restricted 
rats (IE) about a day later. The ad lihitimi controls (AL) 
gained steadily and well. The adrenals of the deficient rats 
weigh proportionately most and their thymuses least; the 
weight restricted and intake restricted rats have large adre- 
nals but larger thymuses; and the controls have the smallest 
adrenals and the largest thymuses. At 3 weeks the response 
seems to be most marked for group C, which comprised the 
youngest and smallest rats. 

Histological results, a. Control rats. The 5 control rats 
(AL) all display normal adrenal cortices such as have been 
described above (figs. 7 and 8). Their livers contain only 
occasional fatty cells and present no other histological ab- 
normalities. 

h. Thiamine deficient rats. The rats fed the thiamine defici- 
ent diet (TD) show a progressive alteration of the adrenal 
cortex during the 3 iveeks experimental period. The sequence 
of changes is unfortunately complicated by the fact that the 
larger animals are more reistant to the deficiency than 
are the smaller ones. Nevertheless, it appears to be as 
follows. By the end of 1 Aveek (A) there is a slight reduction 
of sudanophil lipids in the fasciculata (fig. 2). By the end of 2 
weeks (B), pituitary stimulation of the cortex is indicated 
not only by the increased weight of the adrenal and atrophy 
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of the thymus, hut also by the augmentation of lipids in the 
fascieulata. Sudanophilic and birefringent material is in- 
creased in quantity and extends down to the border of the 
medulla (as in fig. 10). By 3 weeks the lipid content of the 
fascieulata cells is again reduced, more so in the smallest rat 
(C) than in the other 2 (D and E). In all 3 adrenals, lipids 

TABLE 8 

Data on iMamine deficient rats and their controls^ 


KXP. 

auoup 

WEEKS 

im- 

TIAh 

WT. 

PEAK WT.’- 

TERM. 

WT. 

WT. 

CHANGE 

ADRK* 
NAL 
PROP. 2 

THYMUS 

PROP.^ 




gm 

gm 

gm 

gm 

mg/ too gm 

Thiamine 

A 

1 

60 

88 (7a) 

88 

+ 28 

21 .2 

336 

deficient 

B 

2 

75 

99 (lid) 

95 

+ 20 

25.0 

192 

(TD) 

0 

3 

48 

82 (9d) 

60 

+ 12 

35.0 

68 


D 

3 

57 

86 (lid) 

71 

+ 14 

26.6 

100 


E® 

3 

82 

117 (lid) 

86 

+ 4 

26.5 

44 




64.4 

94.4 

80 

+ 15.6 

26.9 

148 

Controls 

A 

1 

68 

94 (7a) 

94 

+ 26 

18.9 

330 

restricted 

B 

2 

77 

108 (7d) 

105 

+ 28 

22.3 

275 

in weight 

0 

3 

53 

90 (12d) 

70 

-1-17 

28.4 

73 

(WB) 

D 

3 

61 

94 (12d) 

76 

+ 15 

28.9 

86 


E 

3 

85 

129 (12d) 

103 

+ 18 

26.1 

159 




68.8 

103 

89.6 

+ 20.8 

25.1 

185 

Controls 

A 

1 

63 

88 (7d) 

88 

+ 25 

22.2 

414 

restricted 

B 

2 

74 

105 (9d) 

102 

+ 28 

26.0 

302 

in food 

C 

3 

47 

94 (14d) 

66 

+ 19 

30.9 

71 

intake 

D 

3 

51 

87 (12d) 

79 

+ 28 

27.0 

215 

(IB) 

E 

3 

85 

150 (14d) 

102 

+ 18 

26.0 

302 




' — 

— 

— 










64 

104.8 

87.4 

+ 23.^ 

26.5 

261 

Controls 

A 

1 

65 

89 (7d) 

89 

+ 24 

19.8 

279 

fed 

B 

2 

69 

135 (Md) 

135 

+ 66 

17.1 

336 

ad lihitum 

G 

3 

51 

152 (21d) 

152 

+ 101 

15.4 

270 

(AL) 

D 

3 

65 

155 (21d) 

155 

+ 90 

16.7 

406 


E 

3 

82 

141 (21 d) 

141 

+ 59 

17.2 

184 




66.4 

134.4 

134.4 

+ 68 

17,2 

295 


^ Data in parentheses indicate day when maxiniiiin weight was attained. 
^Proportional weight. 

* Wasted food, so that IR control is not valid. 
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wliieli are sadaiiopliilic (fig. 13), Seliiff-positive and autoflu- 
orescent are limited to the outermost portion of the fasciculata. 
Furthermore, the quantity of birefringent material is sub- 
normal in rat C but still about normal in D and E, although 
in the latter 2 there are virtually no fine particles (fig. 14). 

The livers of the deficient rats show no fatty infiltration, 
and no signs of liver abnormality appear, except that the cells 
are smaller than normal. 

c. Weight restricted and intake restricted rats. No essential 
differences occur between those rats that were paired with the 
deficient rats for weight change (WE) and those that were 
paired for food intake (IE). In addition to an adrenal hyper- 
trophy like that of the deficient rats (but less atrophy of the 
thymus), the fasting rats possess adrenals that evince a similar 
but less extreme alteration in ketosteroid content which can be 
briefly summarized as follows. Throughout the experhnental 
period the lipid of the glomerulosa remains unchanged in 
quantity and histoehemical reaction. In the fasciculata, how- 
ever, the sudanophilic lipids first rise above normal and then 
decline somewhat, especially in the small animals (figs. 9 and 
11). The ketosteroids appear normal at the end of 1 week, in- 
creased in amount at 2 weeks, and greatly augmented the third 
week in D and E, though slightly reduced in C. The super- 
abundant birefringent material in the fasciculatas of the 
larger animals at 3 weeks is illustrated in figures 10 and 12. 

The livers of these 10 rats present no signs of any ab- 
normality. 

DISCUSSION 

Thiamine deficiency, inanition, and the 
adaptation syndrome 

Dietary deficiencies of 4 B-vitamins have now been studied 
with respect to their effect on the adrenal cortex and thymus 
of the rat. Two of these deficiencies, pantothenic acid and 
thiamine, cause a stimulation and ultimate exhaustion of the 
zona fasciculata of the adrenal cortex and a concomitant 
atrophy of the thymus. Stimulation of the adrenal cortex in 



12 


HELEN WBNDLBR DEANE AND JAMfiS H. SHAW 


advanced tliianiiiu! deficiency lias also been x*eporled for tbe 
dog (Goodsell, ’41a, b). In tbiamine deficient rats the final ex- 
hanstion of the adrenal cortex may Ixe ganged not only by the 
disappearance of the ketosteroid reactions from the zona fas- 
eicnlata, bnt by such features as the abnormally swollen 
mitochondria in the fascieulata cells and the snbnornial quan- 
tity of glycogen in the livers. We have found that the effect 
of thiamine deficiency is more rapid and more severe than that 
of a comparable degree of inanition, during which the adrenals 
are stimnlated bnt do not become exhausted so qnickly. 

The reactions of the adrenals and thjnnns to these 2 B-vita- 
min deficiencies and to inanition fulfill the definition of the 
adaptation sjmdrome (Selye, ’46). In this syndrome the pro- 
duction and 1 ‘elease of the cortical steroids (probably those 
with an oxygen on (\i) is stimulated by advenotropin during 
physiological stress. These cortical hormones in turn increase 
protein catabolism and cause thymus involution (Dougherty 
and White, ’45). 

One consideration which emerges from the present study is 
the importance of the relative and progressive nature of the 
adrenal changes. These changes occur more rapidly with 
severe stress than they do with mild insults. Furthermore, 
stress of a given intensity seems to affect young animals more 
severely than it does older ones. Moderate stress leads to 
continued resistance, with an elevated content of adrenal 
steroids, and severe stress causes subsequent exhaustion of 
the adrenal. These stages of adrenal reactivity must be taken 
into account in evaluating experimental studies on the activity 
of the adrenal cortex. For example, in 1 such study, Foster et 
al. ( ’44) tested the resistance of thiamine deficient mice and 
pair-fed controls toward poliomyelitis. Between 10 and 20 
days on the diets the deficient mice were more resistant to the 
disease than the inanition controls, and both were xxxore re- 
sistant than ad lihitimi controls. Similarly Murray and Morgan 
(’46) observed an enhanced resistance to anoxia in guinea 
pigs fed a vitamin 0 deficient diet for 15 to 30 days in com- 
parison to pair-fed controls. On the other hand, Smith, Oster 
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and Toman ( ’44) found tliiamine deficient eats less resistant 
to low barometric pressure than starved controls. All such 
differences need to be related to the degree of adrenal stimu- 
lation. One study which has attempted to trace the course of 
adrenal changes in stress is that of Oleson and Bloor (’41). 
These investigators analyzed the adrenals of rabbits starved 
from 3 to more than 14 days. At 3 days the adrenal weights 
were below normal, although the steroid and triglyceride con- 
tents were elevated. Later the weight of the glands rose 
steadily and the percentage of steroid remained above normal 
while the triglyceride content fell. These chemical analyses 
provide further interest since they correlate with our obser- 
vation that sudanophilia and the steroid reactions may change 
independently. 

Ribof avm and pi/ridoxine deficiencies. In contrast to defici- 
encies of pantothenic acid or thiamine, the dietary absence of 
riboflavin or pyridoxine fails to produce the adaptation syn- 
drome. Physiological tests have similarly failed to show 
adrenal stimulation in riboflavin deficiency (AVickson and 
Morgan, ’46). Early in these 2 deficiencies a mild stimulation 
of the adrenal cortex occurs, but this later disappears. Pos- 
sibly this transitory stimulation results from the moderate 
inanition induced in these animals, to which they later be- 
come adjusted. The time of stimulation coincides with that of 
the most acute signs of deficiency (p. 4). 

In pyridoxine deficiency, however, even without signs of 
persisting adrenal activity, severe thymus atrophy occurs, as 
has also been reported by Stoerk and eoworkers (’44, ’46). 
Consequently thymus involution need not always be attributed 
to a high level of secretion of the corticosterone-like hormones. 
Perhaps this atrophy results from inadequate protein 
synthesis. 

If the 4 deficiencies that have been studied wmre of similar 
severity, the hypothesis would seem to be invalid that the 
stimulus for the release of extra adrenotropin might be an 
upset in carbohydrate oxidation, since a riboflavin deficiency 
does not produce continuing adrenal stimulation. Therefore, 
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at present tlie most attractive hypothesis to explain the release 
of adrenotropin is that the lack of thiamine or pantothenic acid 
causes organ changes which increase the utilization of Gn- 
oxygenated hormones (see, for example, Ealli, ’46). If so, 
what such changes may he remains to be ehicidated. 

SUMMABY AND COXCLCSIONS 

Severe dietary delieieneies of thiamine, riboflavin and py- 
I'idoxine were produced in weanling male rats. Weight changes 
of the adrenals and thyimis glands, and cytocheuiical studies 
of the ketosteroids in the adrenal cortices show that the lack 
of thiamine causes stimulation of the zona fasciculata of the 
adrenal cortex in 2 W’-eeks and its exhaustion in about 4 weeks 
in a fashion comparable to tliat induced ])y pantothenic acid 
deflciency (Deaiu* and Mclvibbin, ’4(i). Ifliesc changes are 
attributed to a stimulation of tlie adi-enal cortex by adreno- 
tropin, resulting in an increased production and secretion of 
the corticosterone-like hormones. The latter hormones in turn 
produce thymus involution. In a paired feeding experiment it 
was found that stimiflation of the fasciculata occurs earlier 
in thiamine deficiency than wflth a comparable degree of 
inanition. 

On the other hand, neither a riboflavin nor a pyridoxine 
deficiency causes more than a transitory stimulation of the 
adrenal cortex, although a lack of pyridoxine results in acute 
involution of the thymtis. 
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Pliotoniierograplis of adrenal cortices from glands lixcd in 10% neutralized 
forniaiin for 2 days or more, then sectioned on the freezing microtome at 15 
Hections mounted In glycerin jelly. 


PLAT.B 1 

ISXimANATION OF FIGURES 

All figures X 135. Deiuareation between cortex and ineduiia of adrenal drtiwn in. 

1.-3 stained with Sudan IV and Harris' hemutoxylin. Photographed with blue 
inter (Wratteu H ) to accentuate red stain. 

1 First experiment; control rat, D, fed the control imrified diet for 6 weeks. 
This figure ksIiowb tlu‘ lusual distribution of siulanophilie lipids in the adrenal cortex: 
rich in the cells of the zona glomeriilosa, absent from the transitional zone, rich 
again in the outer part of tlu‘ zona faseiculata, dwindling in the inner fascieulata, 
aiid variably present in tlie cells of the juxtamedullary zona reticularis. 

2 Second experiment j thiamine deficient rat, A, fed the deficient diet for 1 
week. The glomeriilosa appears essentially normal; the outer fascieulata cells 
have watery vacuoles, and the whole fascieulata appears somewhat depleted of 
lipids. 

3 First experiment; thiamine deficient rat, F, fed the deficient diet for 4-1 
weeks, The animal was moribund when saerifieed. The entire fascieulata is ex- 
hausted of lipids, although the glomeriilosa contains its usual complement. The 
cells of the outer fascieulata appear '‘vacuolated.'^ The reticular arrangement of 
the cell cords appears to be extended outward. 

4-6 Stained by Schiff plasmal method. Photographed with combined green and 
yellow filters (Wratten B and G) to accentuate the fuchsin stain. 

4 Second exxierimeiit ; ad libitxm rat, 0, fed the control, purified diet for 3 
weeks. The Schiff-positive material is normally distributed in the same fashion as 
is that of the sudanophilic lipids. 

5 First experiment; riboflavin deficient rat, B, fed the deficient diet for 6 
weeks. The usual quantity of Sehiff-positive material is present in the cortex, 
although the transitional zone has been obliterated. 

6 First experiment; pyridoxiiie deficient rat, C, fed the deficient diet for 8 
weeks. The distribution of Schiff -positive droplets is entirely normal. 
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PLATE 2 

explanation of PIGUKES 

SecomI experil rieiit, comparing tlie effect of tliinmine deiieiency with that of 
iiiuiiitioTi on the steroids in the adrenal cortex. Figures 7 and 8, rats fed the 
control purified diet ad figures 9 and 10, intalvo restricted rats; figures 11 

and 12, weight restricted rats; figures IH and 14, thiamine deficient rats. Of each 
pair, the figure on the left is from the smaller animal, 0, and is stained with sudan 
IV and Harris’ liematoxvliu, X I LL The figure on the right is from a larger, less 
severely affected rat, and demonstrates the hirefringent lipids whicdi are j^resent 
in unstained sections. X 100. 

7 Ad lihitim control, 0. 'Normal distrilnition of sudanophillc lijiids. As is 
often true, lipids in the faseiculata stain more lightly ivith sudan IV than do 
those in the glomcrnlosa. 

8 Ad UhUii'm control, D. Predominantly fine lurefringtuit jiarticles occur in the 
glomerulosa, and mixed coarse and fine ]'iarticles are jiresent in the faseiculata. 

9 Intake restricted rat, 0. The transitional zone has keen ohliteruted and there 
has been some depletion of the lipids from the faseiculata. 

10 Intake restricted rat, H. Glreat augmentation in the amount of bkefringcnt 
lijiids in the faseiculata. This section exemplifies the ‘ ‘ resistance stage ’ ’ of Selye ’s 
adaptation syndrome. 

11 Weight restricted rat, G. Marked depletion of lipids from faseiculata — near 
exhaustion. 

12 Weight restricted rat, E. Bupranormnl content of hirefringent material in 
the zona faseiculata, although the content is less than that illustrated in figure 10. 

13 Thiamine deficient rat, 0. Virtual exhaustion of the faseiculata, 

14 Thiamine deficient rat, P. Subnormal amount of hirefringent material in 
the faseiculata, particularly of the fine particles, which appear only in the inner 
faseiculata. 
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U. S, Plmit, Soil, and Nutrition Laboratory, Agricultural Research 
Admiriisiraiion, Ithaca, New Yorlc 


(Keceived for publication January 2, 194=7) 

In a previous paper from this laboratory (Smith, Medlicott 
and Ellis, ’44), a niimbei- of differences between control and 
manganese deficient rabbits were described. The diets were 
fed ad libitum and some of the differences noted might well 
I)e ascribed to a difference in food intake, particularly since 
the growth rate of the control group was appreciably greater 
than that of the experimental group. By equalizing feed in- 
take, those differences due specifically to a lack of manganese 
can be more readily differentiated from those due to a lack 
of other factors. The paired-feeding technique (Mitchell and 
Beadles, ’30) was therefore used in the present study. A 
miscellany of results of several other mang'anese deficiency 
experiments which have not been reported elsewhere are also 
presented. 

EXPERIMENTAL 

Dutch rabbits were ))red to furnish young for the experi- 
ment. To prevent access to feed high in manganese, the stock 
diet was replaced by milk and milk powder when the young 
were 2 weeks of age, and the dams moved to another cage 
for 2 hours each day in which they were fed a stock diet of 
mixed grains and hay. The young were weaned at 3 weeks of 
age and placed on the experiment proper. Twelve pairs were 
selected, each consisting of litter mates of the same sex and 
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oi‘ nearly the same body weight. The rabbits were kept hi in- 
dividual wire-screened cages and fed a basal low-iuanganese 
diet of milk plus 10% of whole milk powder. Sufficient iron 
and copper were added to the diet to give a mean daily intake 
of 4 mg of iron and 0.4 mg of copper per animal. These sup- 
plements were fed twice weekly as the chlorides, prepared 
from redistilled HCl and carbonyl iron and electrolytic 
copper. One member of each pair was also given 2 mg of 
manganese (a solution of c.p. MnCl:;-4H20) per day by mouth. 
The animals were weighed weekly until 17 weeks of age, at 
which time they were autopsied. Various tissues were taken 
as indicated below. 

Three rabbits died before completion of the experiment. 
Two of these were a pair, while the third was on the low- 
manganese diet. Thus 10 pairs of rabbits were available for 
observation at the end of the experiment. Tfie calcium and 
phosphorus content of the bone ash was d(‘termined by the 
methods of Morris, Nelson and Palmer (Ml). The methods 
used to determine hemoglobin, liver matiganesc, and the ash, 
density, and breaking strength of the bones have been 
described (Smith, Medlicott and Ellis, ’44). The inorganic 
phosphorus content of blood serum was determined by the 
method of Pi.ske and Suhharow (’25) using a photoeleetrh' 
colorimeter. Tlie “alkaline” phosphatases were determined 
by the King and Armstrong (’34) method at a pH of 9.S 
(sodium barbital buffer), while the “acid” p]ios])hat{ises were 
deteimined by the Gutman and Gutman (’40) procedure at 
a pH of 5.3 for all tissues except blood serum, wliich was run 
at a pH of 4.9. Tyrosine was used as the primaiy standard 
as recommended by Greenberg et al. ( ’40), but tbe results ai-e 
expressed in terms of pbenol, each unit lioiug the. amount of 
enzyme that liberates 1 mg of phenol in 1 hour under the 
prescribed conditions. The arginase values were obtained by 
a modified combination of the Edlbaehor and Rothler (’25'). 
and Lighthody (’38) methods as described by Koebakian 
(’44). Incubation was for a period of 4 hours at .37-0. and at 
a pH of 9.2. A unit is defined as that amount of enzyme pro- 
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ducing 1 uiillimol of urea in 4 hours under the prescribed 
conditions. 

Redistilled water was used in the preparation of the sub- 
strates for both the arginase and phosphatase determinations 
as well as in the preparation of the tissue extracts. The soft 
tissues were homogenized according to the method of Potter 
and Elvehjem ('36), while the bones were ground with sand 
and water in a glass mortar and pestle. Where the bone ends 
and shafts were run separately, the division was made accord- 
ing to length, the 2 end quarters being combined. Three per 
cent of toluene by volume was added to the unfiltered extract, 
which was stored in the coldroom for 12-16 hours before an 
aliquot was removed for the determination. 

The manganese determinations on blood serum and on the 
bones were made by the method of Grates and Ellis (’47). 

The testes were fixed in Susa’s fluid, imbedded in paraffin, 
sectioned at 8 a, and stained with iron hematoxylin and eosin. 

EESULTS OP THE PAIRED-FEEDING TRIAL 

The rabbits fed the manganese-low milk diet showed the 
same gross symptoms previously described (Smith, Medlicott 
and Ellis, ’44) whereas the rabbits fed the additional sup- 
plement of manganese were normal. Six of the 10 rabbits fed 
the milk diet showed gross crookedness of the front legs, 
which was confirmed by observation of the dissected bones. 
As in previous experiments, the bending was confined to the 
radius and ulna. 

A comparison of the growth of control rabbits with those 
on the manganese-deficient diet is given in table 1. Though 
the food intake of the 2 groups was held constant, the control 
rabbits gained weight at a significantly higher rate than those 
fed the deficient diet, showing that a deficiency of manganese 
per se retards growth. 

A summary of the studies on the bones is presented in 
table 2. The fresh weight, percentage of ash, total ash, density 
and length of the humeri of the manganese-deficient rabbits 
were significantly less than those of the controls. The volume 
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TABT.K 1 


Growth 

of ptiir-fid 

control anti 

moiifono nt ■ 

’dojicinif rtdihiii 


Tit K ATM i: NT 

NO, 

AOK AT 
AlTTOr.HY 

^flUN ItAIIA’ 
FKK1> INTAKH 

MKAN IKITIAI. 
WE I OUT 

MEAN FINAI. 
WEIGHT 



wktt. 

ml 

ffliL 

a lit 

Control 


17 

-IB.B 

282 

1240 ^ 

AIii defieieiit 

o 

17 


270 

um - 

^By to'ror fnuil 

weights obttiined on ouiT 

■ A tif the 10 pairs. 



^ sigiiiiiejint at odds t)f IB ; -1 . 


TABLE 2 

Ti^ttfiw annpositioji of pair-ftd control anii nmnganem-dcficltkf mhhltfi. 



floNTROn ’ 

MN 

ItKKH'IENT 1 

MEAN 

IHFIE 

ANH S.E. 

IfimcrUH 





Fresh wt. (gm) 

1.0;j4 

1.809 

(1.145 

± .0391 - 

Asli dry fat-fret* bone) 

ns.sB 

57.03 

1.85 

± .714® 

Ash (total) 

0.5(548 

0,4702 

0.0946 

± .()i:ir>4 

Volume (ml) 

1.479 

1.409 

0.07(1 

rh .0,34 

Density (gm/ml) 

1.3 IS 

1.282 

(UK16 

± .0148=' 

Length (min) 

51.1 

45.6 

a.*t 

±: .1 .22 “ 

Breaking strength (lbs) 

32.3 

33.3 

--^LO 

zt 1.20 

Ca (%, dry fat-free bone) 

22.47 

21.95 

0.52 

±: :2m 

P (%, dry fat-free bone) 

10.67 

10.22 

0.45 

± .109- 

Vina 





Fresh wt. (gm) 

^ ^ Alkaline * * Phosphatase 

0.766 

0.725 

0.041 

± .0274 

(units/gm fresh wt.) 





ISTo aetivation 

25.9 

12.7 

13.2 

± 1.36 “ 

Aetivatioii with 

30.9 

15.0 

15,9 

± 1.19 ® 

Femnr 





Fresh wd\ (gm) 

3.804 

3.433 

0.371 

fiz .0827 ® 

Dry fat-freo ivb (gm) 

1.934 

1.592 

0.342 

±: .05.58 ® 

Dry fat-free wt {% fresh bone) 

50.3 

45.8 

4.5 

± 1.0 - 

Mn (pg/gm dry fat-free bone) 

6.98 

0.52 

6.40 

± 1.136® 

Liver 





Dry matter (%) 

32.2 

29.9 

2.3 

d: ,91 ® 

Mn (Mg/gm — -dry basis) 
Arginase (units/gm fresh tissue) 

6.04 

0.43 

5.tn 

± .793 ® 

No activation 

20.5 

15.4 

5.1 

±: 1.95 ® 

Activation Avitli Mn 

25.0 

19.2 

6.4 

± 2.73 * 

Blood Serum 





Mn (jitg/lOOml) 

4.8 

2.0 

2.8 

1.57 

^ Mean values of 10 rabbits. 

" iJiffereiiee sigiiiheant at odds 

of 99: 1. 




* Difference significant at odds of 19; 1. 
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of tlie liumeri of the 2 groups did not differ significantly. 
These observations confirm those previously found in experi- 
ments where food intake was not controlled. The breaking 
strength of the humeri of the 2 groups was found not to be 
significantly different, which varies from previous observa- 
tions hi which the diets were fed ad libitum. Further studies 
have indicated that the breaking strength of the bones of 
rabbits in these experiments is closely correlated with body 
weight. In another experiment (Smith and Ellis, ’47), rab- 
bits were fed no manganese, 0.3, 0.6, 1, or 8 mg of manganese 
per day. Within each treatment group the correlation co- 
efficients between the breaking strength of the humeri and 
body weight were respectively, 0.73, 0.78, 0.69, 0.24, and 0.83. 
It thus appears that the breaking strength of bone is more 
closely associated with growth than with a deficiency of 
manganese per se. 

Phosphorus and calcium determinations were made on the 
ash obtained from the humeri. No significant difference was 
observed for calcium, but the percentage of phosphorus in 
the dry, fat-free bones of the manganese-deficient rabbits was 
slightly but significantly lower than the controls. The mean- 
ing of this is obscure. 

In this experiment the only tissue for which phosphatase 
values were obtained was the ulna. In one case the substrate 
used in the determination was made 0.00004 M with respect 
to Mn++, while in the other no Mn was added. In both eases, 
the “alkaline” phosphatase activity was approximately one- 
half as great in the deficient as in the control group. 

The fresh and the dry fat-free weight of the femur were 
both greater in the control group, and this was also true of 
the percentage of dry fat-free bone. The manganese content 
of the femurs was approximately 13 times higher in the group 
given manganese than in the group not receiving it. 

The dry matter, manganese content and arginase activity 
of the liver of the deficient group were all lower than in the 
controls. .As in the phosphatase determination, the arginase 
activity was determined both with and without activation by 
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Mn. Ill tl.is ease tlie substrate was made 0.0004 M with 

"‘'irSoiitraifto the marked reduction in the manganese eon- 
tent of the bone and liver of animals on the low-manganehe 
diet the reduction in serum manganese trom 4.8 to - m^, 
WoVl Is not s.gnifloant at odds of 20 to 1 This « m agroo 
ment with the findings of Johnson ( 40) that the _le\el of 
manganese intake does not affect the blood values in either 

sheep or pigs. 

BESTJLTS OP OTHER EXPERIHEKIS 

Phosphatase determinations were made on various tissues 
obtained from rabbits on 2 exptn-iments in l)oth ot which the 
milk diet with and without a supplement of manganese was 
fed ad libitum. In one experiment the 
0- 1, 2, and 4xng per day levels (Siiiitli and lijlhs, ^ 
in the other 0 and 4 mg per day. There was^no signihean 
difference in either “acid” or 

activity of the blood serum, kidne>-, liver, small minslmt, and 
none in the “acid” phosphatase of the ulna. There was a sig- 
Xnt difference in the “acid” phusphathse of the serum in 
one experhnent, but this was not confirmed by the ^second 
experiment. The results are sinmnarized m talile o. _ihe 
number of animals is rather small to demonsti-ate conclusively 
that there are no differences, hut it is clear that diiterences, 
if they exist, are much smaller than for the “alkaline 

phosphatase activity of the hon(>s. ^ . .i 

Inorganic phosphorus determinations were made on tlie 
blood serum of the 0, 1, 2, and 4 mg per day rabbits with 
negative results as shoivn in table 3. 

In previous work (Smith et al._, ’44) no change iiHhe hemo- 
o-lobin level of mangaiiose-detlcient rabbits was found, and 
this observation has been confirmed with larger numbers. 
In 62 rabbits (Smith and Ellis, ’47) fed either the manganese- 
deficient diet alone or supplemented with 1, 2,^ or 4 mg ot 
manganese per rabbit per day, the mean range of hemoglobin 



Phosphatase ’values for various tissues of manganese-deficienl 
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values per Ireatineiit groii]> was :10.47-11.22 gm ])er lOOiiil of 
bloo<l. These differences ai-e not sigiiilicaiil. 

The effect of a delicieiicy of nuiiigaiiese on the iesies of 
rabbits has been moi’e thoronghly studied. Two raff of h 
male rabbits fed the manganese-deficient diet sIiowimI a mild 
tubular degeneration after being fi‘d the defiineni diet for 
12 to 22 weeks. Two of 12 cmnpai’able males fed manganese 
supplements (1, 2, or 4 mg per day) in addition to the basal 
diet also showed mild tabular degeneration. These observa- 
tions indicate that a deficiency of manganese does not lead to 
testicular degeneration in the rabbit as it apparently does 
in the rat (Sbils and IMctlollmn, '42; Moyer, Shaw and 
Phillips, ’42). 

DTSOTTSSrOX 

The rat (»Shils and iledolhuu, '42; Moyer, Riiaw and 
Phillips, ’42) and the I’abhit show a similar decrease in liver 
arginase activity both with and without manganese a<‘1iva- 
tion on a low-manganese diet when arginine monoliydroohloi’- 
ide is used as the substrate in the arginase determination. Sbils 
and McColhnn found that when arginine carbonate was used 
as the substrate no difference in enzyme activity betwi'en 
manganese-deficient and control rats was found when man- 
ganese was used to activate the system, although there was 
a marked difference when no manganese was added. In view 
of this finding it is not possible to conclude that in manganese 
deficiency in the rabbit there is a reduction of liver arginase 
concentration. 

The activation of “alkaline” phosphatase of the ebiek bone 
noted by Wiese et al. ( ’39) was confirmed both for the “acid” 
and “alkaline” phosphatase of the stwum and for the 
“alkaline” phosphatase of the bone in tlu' rabbit. I’liese 
determinations were made both with and without manganese 
activation as an aid in the interpretation of the results. Since 
the differences noted occurred in both instances, the evidence 
suggests that the loss of enzyme activity is not due to a 
lowered eojicentratiou of manganese in the hone ]:)er so. This 
evidence, however, cannot be taken as conclusive since 
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manganese added in the determination may not activate the 
enzyme to the same extent as manganese found in vivo. 

In making an interspecies comparison of the effects of 
manganese deficiency, it is interesting to note that in the 
chick there is a reduced “alkaline” phosphatase activity of 
the tibia and of the blood serum (Wiese et ah, ’39; Combs, 
Norris and Heuser, ’42), while in the rat Amdur, Norris and 
Heuser (’45) found a small, but highly significant reduction 
of the “alkaline” phosphatase of the bones in manganese de- 
ficiency contrary to the findings of Waehtel, Elvehjem and 
Hart (’43). In the rabbit, the “alkaline” phosphatase of the 
bone is induced, as in the chick and rat. 

There is growing evidence also that the skeletal develop- 
ment is impaired in the rat and mouse (Shils and McCollum, 
’43; Amdur, Norris and Heuser, ’45; Barnes, Sperling and 
Maynard, ’41; Waehtel, Elvehjem and Hart, ’43), in the 
chick (Caskey, Grallup and Norris, ’39), and the rabbit (Smith, 
Medlicott and Ellis, ’44), and is suggested by the results of 
Miller, Keith, McCarty, and Thorp (’40) with swine. Thus 
in the rat, chick, and rabbit bone changes have been shown 
to be associated with a decreased “alkaline” phosphatase 
activity of the bones in manganese deficiency, and it seems 
clear that manganese is concerned specifically in bone forma- 
tion probably through its influence on phosphatase activity. 

Likewise, g’rowth has been shown to be retarded in the 
manganese-deficient chick, rat, mouse, and rabbit by these 
workers. 

Other symptoms of manganese deficiency, such as testicular 
degeneration, impaired lactation, and nervous disorders have 
been found less consistently and may reflect a varying severity 
of the deficiency. 

SUMMARY 

Manganese deficiency in the rabbit was studied using the 
paired-feeding technique with a basal diet of milk. 

On the unsupplemented diet there was a lowered arginase 
activity of the liver and a lowered “alkaline” phosphatase 
activity of the ulna. The latter finding is associated with 
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iinpaii'ed bone formation noted in the gross as crooked front 
legs. The fresh weight, percentage ash, total ash, density and 
length of the Immei’iis was significantly lower in the man- 
ganese-deficient animals. 

Though the food intake of the 2 groups was equalized, the 
controls gained more weight than those fed the low-man- 
ganese diet. 

In the manganese-deficient animals the concentration of 
manganese in the liver and in the femnr was much rediiced, 
while that in the blood serum was not. 

In other experiments in which the feed intake was not 
equalized, no significant differences wore found for the fol- 
lowing: “acid” or “alkaline” phosphatase activity of the 
blood serum, kidney, liver, or small intestine; hemoglobin 
concentration of the blood; inorganic phosphorus of the 
serum; incidence of testicular degeneration. 
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The manganese requirement has been established for poul- 
try (Wilgus, Norris and Heuser, ’39), but for no other animal 
insofar as the authors are aware. Following the background 
studies which characterized the symptoms of mang-anese de- 
ficiency in the rabbit (Smith, Medlicott and Ellis, ’44), it 
became possible to determine the minimum amount of man- 
ganese required to prevent these symptoms. This paper 
summarizes the results of such studies. 

Knowledg’e of the requirement of any nutrient for various 
metabolic processes is essential as a baseline for assessing 
the adequacy of a feed or i-ation for that nutrient. It is 
realized that any suggested value is subject to variation de- 
pendent on many factors. Among such factors are the avail- 
ability of the nutrient which is a function of the chemical 
form in. which it is fed as well as of the effects of other 
components of the diet. The requirement is also subject to 
genetic variability as is often noted in breed or strain dif- 
ferences, the age of the animals, and the criteria used to 
determine the adequacy of the nutrient levels fed. The estab- 
lished deficiency of a milk diet with respect to manganese, 
the general adequacy of a milk diet in nutrients other than 
manganese, iron, and copper, and a lack of knowledge of a 
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pi’actical ration of forages and concentrates sufficiently low 
in manganese to serve as a basal diet prompted the use of 
milk and milk products in this study. 

MATEEIALS AND METHODS 

The technics and materials used in this study have been 
outlined in detail in a previous publication (Smith et ah, ’44). 
The basal diet was fed ad libitum and consisted of whole 
milk powder ^ supplemented with highly purified iron and 
copper. Each rabbit received 2 mg of iron and 0.2 mg of 
copper daily in a little fluid milk. Manganese (MnCL, c.p.) 
was fed by mouth daily to those rabbits indicated in the 
tables. Distilled water was provided in pyrex glass cups. All 
rabbits were weighed at weekly intervals and carefully ob- 
served for symptoms. 

The manganese content of the whole milk powder was 
determined by the method of Gates and Ellis (’47). Samples 
were taken in duplicate from each of 5 cans. The average 
value- for the duplicates ranged from 0.109 to 0.191 |jg per 
gm. The mean value for the 5 cans was 0.141 ng per gm. 

Two experiments were conducted at different times. The 
first experiment was exploratory, while the second experi- 
ment was designed to determine more precisely the quantity 
of manganese required to prevent the various symptoms. In 
the first experiment 39 rabbits of mixed sexes and ranging 
in age from 21 to 24 days of age were divided into 4 groups 
of 12, 9, 9, and 9 rabbits each. In addition to the above basal 
diet the groups were fed, respectively, 0, 1, 2, and 4 mg of 
manganese per rabbit per day. Among those rabbits fed the 
basal diet alone, 3 died at the respective ages of 10, 12, and 
15 weeks. One rabbit in the 4 mg manganese-supplemented 
group died at 10 weeks of age. The remaining rabbits, -with 
the exception of 4 females fed a 1-mg supplement of man- 
ganese and 4 females fed a 4-mg supplement of manganese, 
were sacrificed at 19 weeks of age. The 8 female rabbits were 
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contimied on the experiment to observe the effects of man- 
ganese deficiency on reproduction. 

In the second experiment 45 rabbits were distributed at 
random among 5 equal groups and fed the basal diet supple- 
mented, respectively, with 0, 0.3, 0.6, 1, and 8 mg of manganese 
per rabbit per day. These rabbits were sacrificed at 20 weeks of 
age with the exception of 11 that died earlier in the experi- 
ment. These 11 rabbits were distributed at random among 
the groups receiving treatment. These deaths ocexrrred for 
the most part in the late stages of the experiment (see 
discussion). 

The deficiency symptoms observed in previous studies 
(Smith et al., ’44; Ellis, Smith and Gates, ’47) were used as 
criteria to determiire the adequacy of the various levels of 
rnarrganese fed, namely, gross crookedness of the front leg 
bones, subnormal growth, length, density and weight of the 
bones, manganese concentration of the bones and livers, 
‘‘alkaline” phosphatase activity of the bones and arginase 
activity of the livers. 

The chemical methods used to determine manganese, “alka- 
line” phosphatase activity and arginase activity are described 
in detail by Ellis et al. (’47). 

The data obtained were reduced by means of the analysis of 
variance and the t test used to determine whether particular 
differences were sigmificant. Odds greater than 19:1 were 
accepted as statistically significant while odds greater than 
99 : 1 were considered highly significant. The data presented 
in this paper are in all cases mean values with their standard 
errors. 


RESULTS 

In both experiments most of the rabbits fed the basal 
manganese-low diet developed crooked front legs. In the 
firSt experiment 7 out of 12 and in the second experiment 7 
out of 9 developed crooked front legs that were evident in 
the intact animals and confirmed by the observation of a bend- 
ing of the radii and ulnae in the dissected bones. No animal 
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wliic'li received 0.3 mg of manganese per day or more showed 
any sign of crooked leg bones. Microscopic examination of 
the humeri bones from those rabbits fed the basal diet showed 
evidence of depressed bone formation previously described 
whereas the bones from rabbits fed 0.8 mg of manganese or 
more were to all appearances normal. 

Table 1 summarizes the observations on the length, density 
and fresh weight of the humeri bones of the various treat- 


TABLE 1 

Summary of the ohf^ervaUom on the hones of rabbits 
fed various levels of manganese. 


MX FKU 

ANIMALS 

AY. LEiXOTIl 

OP HIJMEKI 

AY. DENSITY 

OP IIXTMEIil 

AV. PRESH WT. 
OP HUMEEI 

?»/// thijt 


cm 

f/ai/ ml 

fini 



First experiment 


0 

11 

4.87 ± 0.101 

1.329 ± 0.0194 

1,988 ± 0.1479 

1 

5 

5.36 ± 0.163 

1.366 ± 0.0133 

2.191 ± 0.I87S 

2 

9 

0.53 ± 0.101 

1.399 ± 0.0119 

2.416 ±: 0.0881 

4 

4 

5.21 ± 0.121 

1.361 ± 0.0507 

2,093 ± 0.2839 



Second experiment 


0 

7 

4.81 ± 0.123 

1.331 ± 0.0277 

2.199 ± 0.1370 

0.3 

7 

5.27 ± 0.0f)7 

1.385 It 0.014G 

2.437 ± O.lOin 

0,6 

7 

5.31 ± 0.152 

1.374 ± 0.0164 

2.232 It 0.0834 

1 

7 

5.56 ±: 0.110 

1.375 ± 0.0094 

2.579 ± 0.0775 

8 

6 

5.55 it 0.026 

1.370 ± 0.0159 

2.367 ± 0.0507 

Analysis of variance sliowed a liiglily significant or significant (fresh weight 


of liiimeri) dilfei’eiiee among the treatment groups in each experiment. 

ment groups. In both experiments the length, density and 
fresh weight of the humeri of the rabbits fed the liasal diet 
were significantly less than the I'espective values for rabbits 
fed additional manganese. No significant improvement in 
bone length, density or weight was obtained by feeding more 
than 0.3 mg of manganese per day. 

The manganese concentration and the “alkaline” phospha- 
tase activity of the ulna bones are given in table 2. The 
manganese content per unit of dry, fat-free bone was very 
low in those rabbits fed the basal diet alone as compared with 
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those rabbits fed additional manganese. Tlie manganese con- 
centration continued to increase with increasing manganese 
intake within each experiment. It will be noted that the 
manganese concentration of the bones of the rabbits fed 8 mg 
of manganese in the second experiment is less than in those 
rabbits fed 4 mg of manganese in the first experiment. Since 
these exjjeriments were conducted at different times and with 

TABLE 2 


The manganese concentration and allcalvne phosphatase activity of the 
hones of rahhits fed various levels of m-anganese. 


MN FED 

NO. OP 
ANIMAUS 

AV. MN 

CONTENT-' 

OP FEMUR 

NO. OP 
ANiaiAIjS 

AV. “AmCAMNE” 
PHOSrHATA.SE 
ACTIVITY 

OP ULNAE 

'tngf Any 




VnlfN/'yhl - 



First experiment 


( ends of bones ) ” 

0 

4 

0.60 ± 0.080 

6 

9.3 ± 1.49 

1 

4 

3.07 ± 0.319 

4 

32.5 ± 2.62 

o 

9 

5.68 ± 0.668 

0 

27.8 ± 3.49 

4 

3 

12.91 ± 0.322 

0 

22.9 ± 2.95 



Second experiment 


(whole bones) 

0 

7 

0.44 ± 0.052 

t» 

5.4 ± 0.70 

0,3 

7 

2.26 ±: 0.185 

7 

10.4 ± 1.59 

0.6 

7 

2.4S ± 0.270 

7 

9.3 ± 0.70 

1 

7 

2.76 ± 0.170 

7 

9.2 ± 1.18 

8 

o 

6.71 ± 1.350 

i) 

10.5 ± 1.12 


Analysis of variance showed a highly sigiiitieant or signilicaiit (phosphatase 
activity in second experiment) difference among the treatment groups in each 
experiment. 


^ Dry, fat-free bone. ^ Fresh bone. ® The 2 end quarters. 

different groups of rabbits, one may question whether this 
is a real difference. The “alkaline” phosphatase activity per 
unit weight of fresh bone was significantly less in the rabbits 
fed the basal diet alone as compared to those animals fed 
additional manganese. No further significant increase in 
phosphatase activity was observed by feeding more than 
0.3 mg of manganese. 
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Liver samples from the rabbits of tbe second experiment 
were taken for arginase activity determinations. The livers 
from the rabbits fed the basal diet had a significantly lower 
activity than the groups fed additional manganese. The 
arginase activity levels of the 0, 0.3, 0.6, 1 and 8 mg groups 
were, respectively; 15.6 ±1.42; 24.7 ±3.05; 29.4 ±4.05; 
24.6 ± 3.97, and 31.1 ± 3.42 units per gm of fresh liver. At 
first observation the activity levels of the groups fed addi- 
tional manganese would appear to be significantly different, 
but this was not true. The large standard errors indicate the 
large variabilitj'’ encountered. 

TABLE 3 

Maiuianese content of the livers of rahhifs 
fed variom levels of nmnganese. 


NO. OF AV, MN content 

.\NIMALa OF LIVERS 


7nf// (lit If 


fJlf/fjm of 
dri/ tissue 

0 

K) 

0.9 ± 0.41 

0.3 

S 

6.8 ± 1.37 

0.6 

7 

9.8 ± 1.68 

1 

10 

16.2 ± 3.05 

2 

9 

20.5 ± 1.74 

4 

9 

22.7 ± 2.61 

8 

4 

15.4 ± 1.45 


The concentration of manganese in the livers of the various 
treatment groups is summarized in table 3. The low con- 
centration of manganese in the livers of the rabbits fed the 
basal diet alone is marked. The manganese concentration of 
the livers increased significantly with increased intakes of 
manganese up to a level of 1 mg of manganese per day after 
which the concentration leveled off. The concentration of 
manganese in the liver would thus appear to reach a maximum 
at much lower intakes of manganese than do the bones. 

The data (table 4) relative to the manganese requirement 
for maximum growth are not adequate enough to warrant a 
conclusive statement. It Avill be noted that in the first ex- 
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periment where manganese levels of 0, 1, 2 and 4 mg are 
directly compared, maximum growth was obtained in rabbits 
fed 4 mg of manganese per day. In the second experiment 
where manganese levels of 0, 0.3, 0.6, 1 and 8 mg were directly 
compared, maximum growth occurred in those rabbits fed 
Img of manganese. Since experiments 1 and 2 were con- 
ducted at different times and with different rabbits they 
cannot logically be directly combined. This is supported by 
tlie observation that the rabbits fed 1 mg of manganese in the 


TABLE 4 

Growili of rah'hits fed various levels of manfjanese. 


MN FED 

NO. OF 
ANIM.\b.S 

AV 

INITIAL 

WEIGHT 

AV. 

FINAL 

WEIGHT 



gm 

gm 


First experiment 


0 

9 

288 

1140 ± 52 

1 

9 

285 

1130 ±: 107 

9 

9 

288 

1240 ±: 82 

4 

8 

282 

1390 ±: 63 


Second experiment 


0 

7 

274 

990 ±: 90 

0.3 

7 

269 

1290 ±: 91 

0.6 

7 

290 

1194 ±: 47 

1 

7 

276 

1350 ± 39 

8 

7 

284 

1120 ±: 93 


Analysis of variance showed a highly significant difference among the treat- 
ment groups in each experiment. 


first experiment gained significantly less weight than those 
fed^ 1 mg of manganese in the second experiment. These 
limited observations indicate that the manganese require- 
ment for maximum growth is higher than the requirement 
for normal bone development. 

The fact that the rabbits fed 8 mg of manganese gained 
less weight than the I'abbits fed Img of manganese in the 
second experiment may indicate that 8 mg of manganese per 
day is on the borderline of toxicity for rabbits. 
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The manganese concentration ot' the blood' sernm was de- 
termined on pooled blood samples of the rabbits in the first 
experiment by the periodate method. In the second experi- 
ment the micromethod of Gates and Ellis (’47) permitted 
manganese to be determined on the blood serum of individual 
rabbits. Interpretation of the results is difficult because of 
the large variability observed and the details are not pre- 
sented here but are being reserved for more study. In both 
experiments, however, the rabbits fed the basal diet alone, 
appeared to have significantly lower concentrations of man- 
ganese than the rabbits fed additional manganese. Whether 
or not a difference existed among ralibits fed varying levels 
of manganese is not certain. 

DISOUSSION 

The level of manganese taken as being adequate depends 
upon the criteria used. Insofar as crookedness, length, 
density, fresh weight, mieroscopie structui’e and “alkaline” 
phosphatase activity of the bones and arginase activity of the 
livers are concerned, 0.3 mg of manganese per rabbit per day 
appears to be adequate. The manganese concentration of the 
livers increased significantly up to an intake of 1 mg of man- 
ganese per day while the manganese concentration of the 
bones increased up to the highest level (8 mg) of manganese 
fed. The minimum jnanganese intake necessary for maximum 
growth requires more study, but it appears to be higher than 
the amount requii*ed for normal bone development. 

The relatively high mortality of the rabbits, particularly 
in the second experiment, is worthy of further comment. This 
rate of mortality may have been influenced by a cirrhosis of 
the liver which we have consistently observed in rabbits fed 
a diet of milk or milk products. This cirrhosis was usually 
of a mild nature characterized by livers which were mottled 
and lighter in color than normal. lu the extreme form the 
livers were a very light tan color, fibrous and fatty and ap- 
parently similar to the cirrhosis in rabbits described by Rich 
and Hamilton (’40). The incidence of cirrhosis was not cor- 
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related with the level of manganese intake. Studies designed 
to determine the cause of the cirrhosis are in progress. 

SUMMARY 

The manganese requirement of rabbits has been studied by 
feeding a basal diet low in manganese supplemented with 
various levels of manganese. Insofar as bone development is 
concerned, it appears that 0.3 mg of manganese per rabbit per 
day is sufficient to meet normal requirements. The minimum 
manganese intake necessary for maximum growth requires 
more study, but it appears to be higher than the amount re- 
quired for normal bone development. 
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Tlie supplemental relationship of the protein in one food 
product to that in another is of great practical importance in 
human nutrition. In 1945 we reported that pork jirotein had 
a marked supplemental relationship to bread protein, and 
the question then arose as to the possibility of a similar rela- 
tionship betwfeen pork protein and egg protein. Published 
data indicate a higher nutritive value for the protein in eggs 
than for that in pork. Mitchell, Beadles and Kruger (’27) 
reported a biological value of 79 for pork tenderloin, and 
Mitchell ( ’27) found a value of 74 for pork ham. Mitchell and 
Carman (’26) found a biological value of 94 for dried whole 
eggs, and 83 for egg albumin. Sumner ( ’38) found values of 
97 for commercially-dried eggs fed to young rats and 85 for 
such eggs fed to year-old rats when the diet contained 8%> of 
protein. When the diet contained 5% of protein, the biological 
value of these eggs fed to mature rats was 94. Sumner and 
Murlin (’38) reported a value of 95 for the protein in dried 
eggs fed to year-old rats when the diet contained 5% of 
protein, and a value of 65 when the eggs were consumed by 
human subjects on diets containing 3 to 4% of protein. Hoag- 
land and Snider (’46) found the average growth-promoting 
value of the protein in dehydrated pork to be 3.35 gm gain per 
gm of protein consumed in tests with young rats, as eom- 


43 



44 


BALPH HOAGLAND AI7D OTHERS 


pared with a gain of 4.28 gm for the protein in spray-dried 
eggs. 

The reason for the higher nutritive value of the protein in 
whole eggs than in pork is, presumably, a better balance be- 
tween the essential amino acids in eggs and the requirements 
of the rat. A comparison of available data for the amino acid 
content of eggs with those for pork, as reported by Beach, 
Munks and Robinson (’43), Mitchell and Block (’46), and 
Lyman et al. (’46), indicates that the protein in whole eggs 
and in egg albumin contains notably more cystine and meth- 
ionine than the protein in pork. It seemed probable, therefore, 
that there would be a supplemental relationship between the 
protein in eggs and that in pork. The purposes of the experi- 
ments herein reported were (1) to determine the growth- 
promoting values of the protein in mixtures of pork and eggs 
as compared with the values of each product alone, and (2) to 
determine the effects of the addition of cystine or methionine 
on the growth-promoting value of the pork protein. 

EXPERIMENTAL 

Products tested ^ 

Three lots of cured and 1 lot of fresh hams were used in 
feeding tests with rats. Cured ham lot no. 4320 had been 
cured by the dry-cure method, and cured ham lots nos. 4462 
and 4464 were mixtures of hams that had been cured by the 
dry-cure, artery-cure, and brine-cure methods. The lean meat 
from each lot of hams was ground and then baked in glass 
baking dishes in an oven at 325° to 350°P. until the internal 
temperature of the meat was 155°P. The cooked ham was 
ground, spread on trays, and dehydrated at 155°P. to a mois- 
ture content of 10% or less. The dried meat was thoroughly 
extracted with ethyl ether, ground fine, and stored in tightly 
covered jai's at approximately 25°P. 

^ Ackiiowled^nent is made to E. L. Hiner for curing and dehydrating the hama 
and for dehydrating the hard-boiled eggs and to Edna H. Steely for assistance in 
the statistical analyses. Our thanks are extended to T. C. Byerly and E. H. MejNTally 
for supplying fresh eggs and commercially dehydrated eggs. 
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Two lots of commercial spray-dried eggs (uncooked), 2 lots 
of dried hard-boiled eggs, and 1 lot of dried whites from hard- 
boiled eggs were tested. The dried hard-boiled eggs were 
prepared as follows : The eggs were boiled 10 minutes, chilled, 
and the contents were ground through a meat grinder, spread 
on trays, and dried in the same manner as the hams. The dried, 
cooked whole eggs were thoroughly extracted with ethyl ether, 
but the spray-dried eggs were not extracted. The dried eggs 
and egg white were ground fine and stored under the same 
conditions as the dried ham. 

Diets fed 

Dehydrated ham, eggs, and egg white were incorporated in 
diets in such proportions that each product or mixture sup- 
plied 1.6% of nitrogen. The following quantities of B vita- 
mins were added to 100 gm of diet in addition to any vitamins 
present in the ham or eggs: thiamine hydrochloride, 0.3 mg; 
riboflavin, 0.3 mg; pyridoxine hydrochloride, 0.6 mg; calcium 
pantothenate, 1.5 mg; and choline chloride, 20 mg. To 1 diet 
containing spray-dried eggs was added 5 ng of biotin. Cystine 
and methionine were added to certain diets as indicated in 
the tables. 

The fat-soluble vitamins were added in solution in lard so 
that 1 gm of the diet would contain 5 I.U. of vitamin A, 1 1.U. 
of vitamin D, and 20 |jg of alpha-tocopherol. Sufficient kettle- 
rendered lard was added to make 10% of fat in the diet. Salt 
mixture amounting to 2%, sufiicient sodium chloride to 
equalize the salt content of all diets in a series including cured 
ham, and dextrin to make 100% completed the diet. In experi- 
ment no. 4 (table 3) which did not include cured ham, 4% of 
salt mixture wms added to the diet. 

Feeding tests 

Each diet was fed to 8 male albino rats for 30 days. The 
animals weighed approximately 40 gm each and did not ex- 
ceed 25 days of age at the beginning of the tests. Eats from 
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different litters were distributed among the several groups in 
a series. Each rat was kept in an individual cage wbicb was 
provided with a raised screen bottom, a self-feeder, and a 
drinking vessel. The bottom of the cage was covered with a 
sheet of blotting paper. The rats were weighed twice weekly 
and the feeders were refilled about every third or fourth day. 
A record was kept of the feed consumed. The temperature of 
the rat laboratory wms approximately Tb^P. 

EESULTS 

The results of experiment no. 1, table 1, indicate that the 
protein in 1 lot of spray-dried eggs was superior in growth- 
promoting value to the protein in dry-cured ham. This is true 
not only on the basis of gain in weight but more certainly on 
the basis of gain in weight per gram of nitrogen consumed, 
the criterion primarily employed in this present study for 
evaluating the diets. However, when the diet contained equal 
parts of ham and egg protein, the growth-promoting value 
was practically the same as for eggs alone, and definitely 
higher than the computed value. When the diet contained 2 
parts of ham and 1 part of egg protein, the growth-promoting 
value was somewhat higher than the computed value, but lower 
than the value for eggs alone. The results of this experiment 
indicate a moderate supplemental relationship between the 
protein in dry-cure ham and that in cooked, spray -dried eggs. 

Statistical tests by means of Fisher’s “t” values for the 
significance of differences between the means of the gain in 
weight pei’ gram of nitrogen consumed showed the following 
probability values : 

Diet 1 with dk‘ts 3, and 4 — very highly signideant (<.001) 

Diet 4 with diets 2 and 3 — liigldy aigniheant (< .01) 

Diet 2 with diet 3 — not signihcnnt (>.6) 

In experiment no. 2, further tests were made on ham alone, 
eggs alone and combinations of ham and eggs, together with 
supplements of biotin, methionine and cystine added to cer- 
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TABLE 1 


Supplemental relationship hetween the protein iti cured ham and that in spray-dried 
eggs in SO-day tests with groups of 8 male rats. 


SOUKCE OF NITROGEN 

DIET 

GAIN IN 
WEIGHT 

PEED 

CON- 

NITRO- 
GEN IN 

GAIN IN WEIGHT 
PER GRAM OP 
NITROGEN 
CONSUMED 

IN DIET 

NO. 

Ac- 

tual 

Com- 
puted ^ 





Ac- 

tual 

Oom- 
)niled 1 



ffni 

gm 

gm 

% 

gm 

gm 

Experiment no. 1 

(dry-cured hams) 



Dry-enre ham no. 4320 

1 

105 


320 

1.60 

20.48 


Dried eggs no. 4343 
Dry-cure ham no. 4320, 

2 

111 


2S5 

1.60 

24.26 


0.8% N + dried eggs 
no. 4343, 0.8% N 

3 

123 

108 

318 

1.60 

24.04 

22.37 

Dry-cure ham no. 4320, 








1.067 % N -f- dried eggs 
no. 4343, 0.533% N 

4 

117 

107 

324 

1.60 

22.62 

21.74 

Experiment 

no. 2 (hams cured by 

several methods) 



Cured ham no. 4462 

1 

101 


316 

1,60 

19.93 


Cured ham no. 4462 








+ 0.2% methionine 

o 

Ul 

129 


333 

1.62 

23.66 


Dried eggs no. 4463 

Dried eggs no. 4463 

3 

110 


292 

1.60 

23.58 


+ 5 /4g biotin in 

100 gm diet 

4 

111 


291 

1.60 

23.76 


Dried eggs no. 4463 
-{- 0.20% methionine 
Cured ham no. 4462, 

5 

115 


296 

1.62 

24.00 


0.8% N + dried eggs 
no. 4463, 0.8% N 

6 

119 

106 

324 

1.60 

22.88 

21.76 

Cured ham no. 4462, 








0.8% N + dried eggs 
no. 4463, 0.8% N + 

0.2% cystine 

7 

130 

106 

326 

1.62 

24,51 

21.76 

Cured ham no. 4462, 








1.067% N + dried eggs 
no. 4463, 0.533% N 

8 

116 

104 

333 

1.60 

21.53 

21.06 

Cured ham no. 4462, 








1.067% N 4" dried eggs 
no. 4463, 0.533% N -f 
0.2% cystine 

9 

134 

104 

339 

1.62 

24.27 

21.06 

^ The computed gain of 

rats fed 

a mixture of 

ham 

and eggs : 

is the 

weighted 


average of gains made by rats fed the individual prodnets. 
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tain ones of these diets. Statistical tests similar to those 
given for experiment 1 are summarized as follows : 

Diet 1 with, diets 2, 3, 4, 5, 6, 7, and 9 — very highly significant (< ,001) 
Diet 8 with diets 2, 3, 5, 7, and 9 — highly significant (<.01 or .02) 

Diet 8 with diet 4 — significant (< .05) 

Diet fi with diet 7 — highly significant (< ,02) 

Diet 6 wfith diet 5 — significant (< .05) 

Differences between all other diets — not significant. 

The data given in table 1 indicate that the protein in a second 
lot of spray-dried (diet 3) eggs was also higher in growth- 
promoting value than the protein in a composite lot of cured 
hams (diet 1). However, when this lot of ham 'was supple- 
mented with methionine, the nutritive value of the protein 
was increased to an approximate equality with the protein in 
eggs. It is noteworthy that the actual gain in weight of tlie 
rats on the diet containing ham and methionine was consider- 
ably larger than for the rats on the diet containing eggs 
alone. The addition of biotin to the egg diet was without ma- 
terial effect on growth, and the addition of methionine was 
followed by an insignificant increase. 

When the diet contained equal parts of ham and egg pro- 
tein (no. 6), the growth-promoting value was moderately 
higher than the computed value, but lower, although not sig- 
nificantly, than the value for eggs alone. "When this diet was 
supplemented with cystine, the nutritive value was increased 
above that for eggs but not enough to show statistical 
significance. 

The growth-promoting value of diet 8 containing 2 parts of 
ham and 1 part of egg protein was only slightly higher than 
the computed value, but the addition of cystine definitely in- 
creased the nutritive value of the protein above that for eggs. 
. Tlie results of experiment no. 2 indicate only a moderate 
supplemental relationship between the protein in cured ham 
and that in uncooked, spray-dried eggs. The supplemental 
value of methionine for pork protein, and of cystine for mix- 
tures of pork and egg protein, is clearly apparent. 
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In table 2 are shown the resnlts of experiment no. 3 with 
cnred ham, dried hard-boiled eggs, and with mixtures of these 
foods. A summary of the statistical comparisons shows the 
following : 

Diet 1 with diets 2, 3, 4, 5, 6, 7, and 8 — very highly signifloaiit (< .001) 

Diet 6 with diet 7 — highly significant (< .01) 

Diet 6 with diets 2 and 5 — significant (< .05) 

Diet 8 with diets 2, 3, 5, and 7 — highly significant (< .01) 

Differences between all other diets — not significant. 

The growth-promoting value of the protein in eggs was 
definitely higher than that for ham, but when ham was supple- 
mented with methionine, the nutritive value of the protein was 

TABLE 2 


Supplemental relationship between the protein in mired ham and that in driedf 
hard-boiled eggs in SO-dag tests with groups of 8 male rats (experiment no, S), 


SOtrRCK OF NITROnEN- 

niET 

GAIN IN 
WEIGHT 

FEED 

NTTRO- 

' GAIN IN WEIGHT 
PER GRAM OF 
NITROGEN 

IN’ DIET 

NO. 

Ac- 

tual 

Com- 

puted 

SUMF.D 

DIET 

V, V .3 



Ac- 

tual 

Com- 

puted 

Cured ham no. 4464 

1 

ffm 

108 

gm 

gm 

339 

% 

1.60 

gm 

19.77 

fpn. 

Cured ham uo. 4464 
-f 0.2% methionine 

2 

125 


327 

1.62 

23.44 


Dried eggs no. 4466 

3 

129 


344 

1.60 

23.40 


Dried eggs no. 4468 
-}-• 0,2% methionine 

4 

135 


336 

1.62 

24.86 


Cured ham no. 4464, 

0.8% N -f dried eggs 
no. 4466, 0.8% N 

5 

139 

119 

373 

1.60 

23.27 

21.59 

Cured ham no. 4464, 

0.8% N 4- dried eggs 
no. 4466, 0.8% N 
+ 0.2% methionine 

6 

142 

119 

354 

1.62 

■ 24.72 

21.59 

Cured ham no. 4464, 
1.067% IST + dried eggs 
no. 4466, 0,533% N 

7 

139 

115 

375 

1.60 

23.09 

20.98 

Cured ham no. 4464, 
1.067% N + dried eggs 
no. 4466, 0.533% N 
+ 0.2% methionine 

8 

140 

115 

342 

1.62 

25.24 

20.98 
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praetically the same as that of eggs. When eggs were supple- 
mented with methionine (diet 4), there was an apparent slight 
increase in growth-promoting value. A mixture of equal parts 
of ham and egg protein had px-actically the same growth- 
promoting value as eggs alone, and a higher value than the 
computed one. AVlien this mixture was supplemented with 
methionine, the nutritive value was materially increased. Diet 
7 containing 2 parts of cured ham protein and 1 part of cooked 
egg protein induced nearly as efficient growth as eggs alone, 
and much better growth than the computed value. When this 
diet wms supplemented with methionine (diet 8), the growth- 
promoting value was significantly increased. 

The results of experiment no. 3 indicate a definite, supple- 
mental relationship between the protein in hard-boiled eggs 
and that in cured ham, but the growdh-promoting value wms 
further improved by the addition, of methionine. The nutri- 
tive value of the protein in cured ham wms increased to that 
of cooked eggs by the addition of methionine. 

In table 3 are shown the results of experiment no. 4 con- 
cerning the supplemental relationship between the protein in 
dried, hard-boiled egg white and that in fresh ham. The 
statistical comparisons gave the following: 

Diet 1 with diets 2 , 3, 4, 5, and 6 — very higldy siguihcnnt (< .001) 

Piet 6 with diets 3 and 5 — very highly signiiieaiit (< .001) 

Diet 6 with diet 4 — > highly significant (< .01) 

Differences betAveen all other diets — not significant. 

The growth-promoting value of egg white protein in diet 3 
Tvas materially higher than that of fresh ham, but wdien the 
latter wms supplemented with cystine, the nutritive value was 
increased above that for egg ■white alone although not enough 
to be significant (diet 2 versus diet 3). A mixture of equal 
parts of ham and egg white protein in diet 4 did not give a 
significant increase in nutritive value over that of egg white 
alone. Similar results were obtained -with a mixture of 2 parts 
of ham and 1 part of egg white protein. However, when the 
latter mixture -was supplemented with cystine (diet 6), the 
growth-promoting value was definitely increased. 
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None of tile rats in experiment no. 4 witli cooked egg white, 
or in the previous experiments with either raw or cooked eggs, 
showed any symptoms of liiotin deficiency. At the end of the 
30-day test with the rats on tlie diet containing 10% of egg- 
white protein, 2 rats were continued on the same diet for 30 
days longer during which period each rat was fed 6 ng of biotin 
weekly. No increase in rate of growth was observed. 


TABLE 3 

Supplemental relationship hetween the protein in fresh ham and that in dried, 
hard-hoiled eg.o white in 30-dap tests with groups of S male rats 
(experiment no. 4). 


SOURCli: OP NITROGEN 

IN DIET 

DIET 

OAIN IN 
WEIGHT 

PEED 

NITRO. 
GEN IN 

GAIN IN WEIGHT 
PER GRAM OF 
NITROGEN 

NO. 

Ac*. 

tual 

Com- 
put eel 

STJMKD 





Ac- 

tual 

Com- 

puted 

Fresh ham no. 4471 

1 

gm 

111 

fpti 

gm 

332 

1.60 

gm 

20.83 

gm 

Fresh ham no. 4471 
+ 0.4% cystine 

o 

141 


352 

1.65 

24.26 


Dried egg white no. 4470 


126 


343 

1.60 

23,00 


Fresh ham no. 447D 

0.8% N + dried egg white 
no. 4470, 0.8%. X 

4 

128 

119 

342 

1.60 

23.36 

21.97 

Fresh ham no. 4471, 

1.067% N + dried egg white 
no. 4470, 0.533%) N 

5 

126 


338 

1.60 

23.17 

21.56 

Fresh ham no. 4471, 

1.067% N "f“ dried egg white 
no. 4470, 0.533% X + 

0.2% cystine 

6 

144 


347 

1.62 

25.55 

21.56 


The results of experiment no. 4 indicate a definite supple- 
mental relationship between the protein in fresh ham and that 
in cooked egg white, but the growth-promoting value of a 
mixture was increased above that for egg white alone by the 
addition of cystine. 

SUMMARY 

The supplemental relationship between the protein in pork 
and that in eggs, and the effectiveness of cystine and meth- 
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ioHUu- ill correcting the deficiency in pork, were determined 
by experiments with young’ male albino rats with the following 
results : 

The protein in both fresh and cured hams contained insuffici- 
ent cystine and methionine for optimum growth in rats when 
the diets contained 10% of protein; but when pork protein 
was supplemented with these amino acids, the growth-promot- 
ing value was equal to that of protein in eggs. 

There was found to be a moderate supplemental relation- 
ship between the protein in ham and that in both whole eggs 
and egg whites, but this relationship was materially improved 
by the addition of cystine or methionine. Mixtures of equal 
parts of pork and whole egg protein had approximately the 
same growth-promoting value as egg protein alone, and sim- 
ilar results were obtained with mixtures of equal parts of 
jiork and egg white protein. 
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EFFECT OF ENVIRONMENT ON GROWTH AND 
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DURING THE FIRST NINE DAYS AFTER HATCH 
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INTRODUCTION 

In recent studies with the respiration calorimeter, Barott 
and Pringle ( ’46) noted that temperature of environment had 
an important effect on the energy and gaseous metabolism 
of chickens. Baby chicks at an environmental temperature of 
70°P. eliminated 2.35 times as much heat as at 95°P., 5- 
week-old chickens 1.85 times as much at 45°F. as at 95°F., etc. 

Homoiotherms consume more food at low temperatures 
than at high ones. This must be true because at the lower 
temperatures more food must be metabolized to regulate body 
temperature. However, the capacity of an animal to consume 
and metabolize foodstuffs is limited ; therefore, one would ex- 
pect that there would be a minimum temperature below which 
an animal would perish because it could not metabolize enough 
food for maintenance. At very high temperatures an animal 
does not grow well, probably because of insufficient food con- 
sumption. and above a certain point perishes because it is not 
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able to cool itself sufficiently to maintain body temperature. 
Between the minimum and maximum for existence there must 
be a temperature at which the efficiency, i.e., the growth incre- 
ment divided by the food intake, is a maximum. 

Because there are few data on the effect of temperature 
and other physical factors of environment on growth and 
feed and water consumption of chickens, an investigation of 
this subject was undertaken at the Agricultural Eesearch 
Center. Since such an investigation must be extensive to 
cover the life cycle of the chicken and study the effect of each 
factor (temperature, humidity, light, etc.) separately for all 
ages, it was decided to publish the results as they were ob- 
tained. The temperature factor is undoubtedly the predomi- 
nant influence ; therefore, its effect was studied first and this 
paper discusses the results' obtained with various tempera- 
tures, chickens from time of hatch to 9 days of age being used. 

A search of the literature reveals a dearth of information 
on growth and feed consumption for the first few days after 
hatch, and as far as could be determined no values have been 
published on the day-by-day efficiency of feed utilization dur- 
ing the first week. 

The economic importance of determining the optimum con- 
ditions for brooding can be easily understood from the fol- 
lowing: In 1945 there were hatched in the United States 
alone 1,600,000,000 chicks with a monetary value of ap- 
proximately $180,000,000. A study by the Ohio Poultry 
Improvement Association (’43-’44), of 8,317 groups total- 
ling 2,400,000 chickens showed a mortality of 4% during the 
first 3 weeks after hatch. These were selected groups fi'om 
large commercial hatcheries. Over the country as a wdiole, 
the loss would undoubtedly run considerably higher. If, by 
increased knowledge of proper environmental conditions for 
brooding, even one-fourth of this loss could be prevented, and 
investigation indicates that it could bo, a saving of approxi- 
mately $2,000,000 per annum would be affected. 
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APPARATUS 

For tlie proper conduct of sucli an investigation, the 
chickens under observation must be housed in such a manner 
that all the physical factors relative to environment are under 
accurate control at all times and that any 1 factor may be 
varied at will while the other factors remain unchang’ed. 

A room of sufficient size to accommodate the necessary 
equipment was, therefore, selected. This room is equipped 
with air-conditioning apparatus to control both the tempera- 
ture and humidity. A description of the control apparatus for 
this room has been published by Barott ( ’39). 



Fig. 1 Exterior of the 3 houses used in the experiments. 


Three small houses (fig. 1) were built within this room. 
Each is 5 feet by 6 feet by 7 feet high. The walls, floor and 
ceiling are constructed of compressed cork board 2 inches 
thick, covered on either side with d-ineh wall board which is 
painted white. Each house is fitted with apparatus for the 
accurate control of all the physical factors to be investigated. 

Figure 2 shows a view of the interior of one of these houses. 
For temperature control, an electric heater coil (fig. 2a) is 
supported from the frame of a fan (fig. 2b) in such a manner 
that the air from the fan passes over the turns of the coil. 
The power supply to this heater is controlled by a bi-metallic 
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tliennostat (fig. 2e) wliicli may be set for any temperature 
between 0° and 200°P. and bas a sensitivity of ± 0.35“P. Tbe 
fan is in motion at all times wbetljer tbe beater is on or off, 
in order to keep the air in the house well stirred so that there 
will be little temperature or humidity gradient. 



Mg. 2 Interior of one of the houses with controlled environiiieiit. 

For ventilation purposes there are 2 vents in the ceiling and 
a vent with a damper in the rear wall (fig*. 2d). By adjusting 
these apertures as much fresh air as desired may be admitted. 

The humidification of the air is accomplished as follows: 
A light copper wheel (fig. 2e), 9 inches in diameter with 64 
vanes, each 3 inches by 3 inches, is mounted on ball bearings 
in such a manner that as the wheel rotates the vanes dip into 
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a pan of water which is covered except for the opening for 
the wheel. This wheel is made to rotate by the air from a 
fan which is placed at the rear of the wheel. As the dampened 
vanes of the rotating wheel come within the air stream from 
the fan, sufiSeient water is vaporized and carried away in the 
air stream to bring the humidity inside the house to any 
predetermined level. Humidity control is by the humidistat 
(fig. 2f), which controls the power supply to the fan. When 
the humidity reaches the desired level the humidistat opens 
the fan motor circuit, causing the fan to stop and, therefore, 
also the wheel for humidification. As soon as the humidity 
drops slightly, the humidistat again starts the fan and thus 
the paddle wheel. By this means the humidity is always kept 
at the desired level. 

A continuous record of temperature and humidity was kept 
on a chart of a Priez Recorder (fig. 2g) suspended directly 
over each cage. The recording apparatus was calibrated be- 
fore the experiment started. The temperature graph was 
checked daily by a calibrated mercury thermometer and the 
humidity by an aspirating psychrometer. 

A white fluorescent lamp, 4 feet long, of 40 watt capacity, 
attached to the ceiling directly over the cages, was used in 
each of the houses. Any type or color of light can be used by 
changing the bulb or, if necessary, the fixture. The light 
periods (of which there were 3 or 4) were controlled by a 
time clock (fig. 2h). The total duration of these periods was 
12 hours out of each 24 hours. 

PROCEDURE 

The chickens used were from selected flocks of Rhode Island 
Reds. The breeding birds were maintained and the eggs 
hatched at the Agricultural Research Center. The chicks were 
removed from the hatcher when the average age w'as about 
12 hours. They were not sexed but it developed that they 
were fairly evenly divided between tlie 2 sexes. A total of 
300 to 400 chicks were provided for each test from which 90 
of as nearly identical Aveight as possible Avere selected. The 
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average veiglit of all tlie chicks used was 40.5 gm, with a mean 
deviation in weight for the lot of approximately 1 gm. After 
selection, the chicks were leg banded and divided into 3 lots 
of 30 each. One group of 30 chicks was placed in each of the 
3 houses in which the environmental conditions for the experi- 
ment had already been established. The chicks were brooded 
without a hover; consequently, they were at all times in an 
atmosphere of uniform temperature and humidity. 

The following routine was observed at the same time each 
day. The chicks were weighed individually and as a unit and 
placed in the brooder. The water troughs (fig. 2i) were 
scrubbed and fresh water poured into them. Enough feed 
was added to the feed troughs (fig. 2j) to bring the feed in 
them up to the desired level. The troughs were weighed after 
these additions and the observed weights recorded as the 
initial weights of a 24-hour period. At the end of 24 hours, 
the chicks were removed from the brooder and weighed. The 
ditference between this weight and tlie weight at the start of 
the period gave the gain in weight for that period. The feed 
and water troughs were also weighed at the end of 24 hours. 

The difference between the initial and final weights equalled 
the amount of feed eaten and water drunk after correction 
for evaporation of water from the water trough and evapora- 
tion or absorption of water vapor from the atmosphere by 
the feed troughs. Correction factors for this gain or loss of 
water were obtained by using 2 cheek troughs (fig. 2k and 
21) identical in shape and size to those used for the chicks. 
These troughs were provided with the same amount of feed 
and water as the regular troughs but were placed out of 
reach of the chicks. The change in weight of these troughs 
was obtained each day and applied as a correction factor to 
the amount of water drunk and feed eaten. The diet (with the 
addition of 1 mg of synthetic riboflavin per kilogi*am of feed) 
fed to the chicks throughout the experiments had the follow- 
ing percentage composition: ground yellow corn, 37.575; 
ground wheat, 20.00; ground oats, 10.00; alfalfa leaf meal, 
3.00; soybean meal, 20.00; sardine meal, 5.00; dried skim 
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milk, 2.00; ground limestone, 1.00; steamed bonenieal, .90; 
salt (96% NaCl; 4% mn.So^), .50, and vitamin D powder 
(2000 Mg’/gni), .025. 

The first expeiiment was started May 22, 1944, and 72 ex- 
periments have been made with chicks from time of hatch to 
9 days of age. As the environment in each small house was 
controlled independently of the other houses, it was possible 
to conduct 3 experiments simultaneously. Thirty chicks were 
placed in each house during an experiment ; consequently the 
work herein reported comprises data involving the use of 
2,160 chicks. Mortality was practically nil. Occasionally a 
chick was caught in the wire floor and injured so that it had 
to be destroyed, but no deaths were due to infections or dis- 
easq and none to environment. 

When the analysis of the results was started, the question 
arose as to Iioav to obtain the true gain in weight from day 
to day. Before hatching, the chick takes the yolk of the egg 
into the body cavity to be used as food material during the 
first few days after hatching ; thus for several days the system 
contains decreasing amounts of this substance. When the 
chick starts to eat, undigested and unassimilated feed ac- 
cumulates in the digestive tract. This feed and yolk are not 
properly a part of the chick until they are metabolized and 
utilized for body building. Therefore, it was decided to elim- 
inate these factors and use the true increase in weight as a 
basis for analysis of the elfeet of temperature of environment. 

To determine the quantity of extraneous matter, 30 chicks 
were dissected each day from the first day after hatching to 
the tenth day. They were dissected after a dark period (con- 
sequently after a period of no feeding) so that the crop was 
invariably empty. All weights used in these experiments were 
taken after a dark period of 4 hours so that the amount of 
feed in the system of the chick was comparable to that found 
by this dissection. The yolk sac and yolk and the contents 
of gizzard and of the intestinal tract of each chick were care- 
fully isolated and weighed. A mean value for each of these 
quantities was taken for each day and the total amount was 
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lined as a correction factor to the weight of the chick. In 
other words, the observed weight, minus foodstuffs within 
the body, gave the true weight for the purpose of analysis. 

EESTILTS AND DISCUSSION 

Figure 3 shows the mean weight each day of (1) yolk sac 
and contained yolk, (2) gizzard contents and (3) intestinal 
contents. Curve 4 shows the sum of these 3 quantities and it 
was from this curve that the values were obtained which were 
subtracted from the observed weight of the chick each day. 



Fig, B Correction api>Iied to cliick weight for extraneous matter in system. 


The difference in these corrected weights gave the true gain 
in weight from day to day. 

Little is known about the optimal environmental temi)era- 
tnre for brooding. United States Department of Agriculture 
Farmers Bulletin No. 1538 states that it is the custom to start 
brooders at about 95 °F., and that in those with small hovers 
the temperature is reduced 3.5° to 5.0°F. weekly doivu to 70°F. 
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The heat is ordinarily cut off after the chick is well feathered. 
Electrically heated battery brooders are usually operated in 
a room where the temperature is maintained at from 60° to 
70°F. Of course, this does not give much information as to 
optimal brooding temperature, for the chick can change posi- 
tion from the hover to the cooler environs at will. "Whether 
the chick grows better and is more sturdy when brooded at 
a uniform temperature or as ordinarily with a hover is one 
of the questions which will be studied. All that can be said 
at present is that there was a mortality of less than 1% the 
first 9 days when the chicks were brooded without a hover, the 
chicks were well feathered and the growth was satisfactory. 

In the experiments herewith reported the temperature 
ranged from 96° to 85°P. for the first day after hatch and 
from 92° to 80° for the ninth day after hatch. 

The humidity was kept between 60 and 70% in all experi- 
ments and the feeding time was approximately 12 hours out 
of each 24-hour day. The total feeding time was divided into 
3 or 4 periods. 

The data obtained for each experiment were computed for 
(1) daily gain in weight in grams and in percentage increase 
over the original weight, (2) grams of feed consumed per 
chick per day, (3) grams of water consumed per chick per day. 

From comparative analyses of the results obtained in all 
the experiments which were conducted at any given tempera- 
ture, the percentage of gain in weight of the chicks for 9 days 
was obtained. The results for each temperature ivere plotted 
and curve 1, figure 4, constructed through the plotted points. 
The numeral at each point designates the number of experi- 
ments used to obtain that point, e.g., a point with the figure 11 
designates 11 experunents of 30 chicks each or a mean for 
330 chicks. The point is plotted at the temperature which is 
a mean for that group. The range in temperature for each 
group can be determined from table 1. 

Curve 1, figure 4, shows a very definite variation in growth 
rate due to temperature. The maximum growth was obtained 
when the mean temperature was 91°F. and equalled a 59% 
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ineroase over the original weigiit in 9 days. This occurred 
when the chichs were kept in an environmental temperature 
of 94°-95°P. the first day and thereafter the temperature was 
decreased uniformly to 88°P. on the ninth day. The gain in 
weight was less at other temperatures studied and became 



Fig. 4 EJffeet of temperature of environment on growth and efficiency of 
feed utilization during first 9 days of age. 


TABL^i 1 


Nuinber of experimemia at iemperatures studied. 


UrrMBTin OP 
EXPERIMENTS 

1STDAY(“P,) 

TEMPERATUIIR 
ffTIE DAY (®F.) 

12 

96 

92 

5 

95 

91 

7 

94 

91 

5 

96 

88 

11 

95 

88 

11 

94 

88 

f) 

92 

' 88 

5 

93 

84 

6 

90 

83 

5 

85 

80 
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less and less the farther the deviation below or above the 
temperature where inasimmn growth occurred, until at a 
temperature of 82.5°F. (initial temperature 85°P., final tem- 
perature 80°P.), the increase in weight was only 44%. 

Twm experiments were performed with a constant tempera- 
ture throughout the 9 days, 1 at 93°F., and 1 at 91°F. At 
93°F. a 54% increase in weight over the 9 days was noted; 
at 91°F. a 55% increase. Since in each of these experiments 
the growth in 9 days was less than when the temperature 
was decreased day by day it was concluded that it was less 
satisfactory to maintain a constant temperature. 

Kleiber and Dougherty (’33) published the results of a 
well-conducted experiment on the effect of environmental 
temperature on growth and feed consumption between 5 and 
15 days of age. They found that the lower the temperature 
between 21° and 40° C. (69.8° and 104°F.) the better the 
grow’th. This was not true in our experiments with chicks 
between time of hatch and 9 days of age. However, it might 
be expected that younger chickens would need a higher 
temperature for satisfactory growth. 

The a.d libifmn feed consumption per chick (a surplus of 
feed was before the chicks at all times so they could eat as 
much as they desired) was practically constant in amount 
between the temperatures of 82° and 94°F. Therefore, curve 
2, figure 4, which shows the efficiency of the chick in feed 
utilization (grams gain in weight divided by the grams of 
feed eaten), has practically the same form as curve 1. At 
91°F. the gain in weight equalled approximately 0.38 gm per 
gm of feed eaten. As the temperature was lowered the rate 
of growth became less and less so that at an average tempera- 
ture of 82 °F. the efficiency had dropped to 0.26 gm of growth 
per gm of feed. The efficiency also became increasingiy less 
as the temperature was raised above 91°F. until at 94°F., it 
was 0.33 gm of growth per gm of feed eaten. 

After the range of temperature wms determined within 
which the gTowdli of the chicks was maximum, results from 
the 22 experiments (660 chicks) conducted within this range 
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were analyzed to obtain the values shown by curves 1 to 4, 
inclusive, in figure 5. 

Curve 1, showing the increase in weight each day in grams, 
seems to be nearly lineal for the first 5 days ; thereafter the 
rate appears to accelerate. 

Curve 2 showing percentage increase over original weight, 
is the typical growth curve for chicks. Growth starts slowly 
for the first days after hatch and accelerates each day until 
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Fig. 5 G-rowtli and feed* and water consumption of chickens from hatch to 
9 days of age. 
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Tliis curve starts at 0.61, rises to 0.63 on tlie fourth day and 
remains constant at this figure to the ninth day. On the ninth 
day after hatch, the chick consumed approximately 2.35 gm of 
feed to increase its weight 1 gm and drank approximately 
1.6 gm of water for each gm of feed eaten. 

STIMMAET 

Chicks were housed in controlled environment without a 
hover for the first 9 days after hatch in order to determine 
the optimum temperature for growth and efficiency of feed 
utilization. Thirty chicks were used in each experiment and 
a total of 72 experiments were performed. Mortality for all 
experiments was practically nil. Eelative humidity was kept 
between 60 and 70% in all experiments. The chicks were 
allowed 12 hours ad libitum feeding time, divided into 3 or 4 
periods with an equal dark period between each feeding 
period. 

The temperature was varied with different lots of chicks, 
from a mean temperature of 94°F. over the 9 days (96° for 
the first day and gradually reduced to 92°F. the ninth day) to 
a mean temperature of 8'2.5°F. over the 9 days (85°F. the first 
day and gradually reduced to 80°F. the ninth day). 

Maximum growth and efficiency of feed utilization were 
noted wffien the temperature was 94°-95°F. the first day drop- 
ping uniformly to 88°F. on the ninth day. The growth under 
these conditions equalled a 59% increase over the original 
weight in 9 days. (All weights of chicks were obtained 4 hoiii's 
after the last feeding period, and therefore there was no feed 
in the crop.) The mean efficiency of feed utilization over the 
9 days was 0.38. Both growth and efficiency became less as 
the temperature varied from this range : the greater the devia- 
tion, the greater the difference, until at 82.5°F. (85° to 80°F.) 
the increase in weight wms only 44% and the efficiency 0.26. 
At 94°F. (96°~92°F.) the increase in weight was 54% and 
the efficiency 0.33. The amount of feed consumed increased 
approximately 1 gm per day per chick. On the ninth day after 
hatch the chick consumed approximately 2.35 gm of feed for 
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every gm increase in weight and drank approximately 1.6 gm 
of water for each gm of feed consumed. 
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EIBOFLAVIN EXCEETIONS AND TEST DOSE RE- 
TURNS OF YOUNG- WOMEN DURING PERIODS 
OF POSITIVE AND NEGATIVE NITROGEN 
BALANCE 

HELEN OLDHAM, ELIZABETH BOUNDS* AND THELMA POETEE 

Department of JBL&^rne Economics, University of CMcayo, Illinois 


(.R{3eeived for publication January 20^ 1947) 


An inverse relationsMp between the jirotein intake and 
the urinary excretion of riboflavin in dogs and rats was 
demonstrated by the studies of Sarott and associates (’42, 
’43). They found that a decrease in the protein content of the 
diet, associated with a negative nitrogen balance produced an 
increase in the urinai'y excretion of riboflavin; an increase 
in the protein content of the diet, associated with a positive 
nitrogen balance, produced a decrease in the urinary ribo- 
flavin excretion. That such a relationship also existed in 
children was indicated in a study carried out in our laboratory 
(Oldham et ah, ’44). When 2 pre-school children were on low- 
protein intakes during the course of acute upper respiratory 
infections, their urinary riboflavin excretions increased; when 
they retunied to normal protein intakes, their riboflavin 
excretions decreased despite the fact that their riboflavin 
intakes had been maintained at a constant level. Both the 
reduced protein intakes and the elevations in body tem- 
perature whicli accompany infections usually tend to 
produce negative nitrogen balances. Therefore, although the 
nitrogen balances were not determined, it seemed that, in all 
probability, they w^ere negative. 

The 3-fold purpose of the present study was to note the 
effect of high- and low-protein intakes on (a) the nitrogen 

^Tliese (lata were presented by Elizabeth Lounds in partial fulfillment of the 
requirements for the degree of Master of Science at the University of Clueago, 
June, 1946, 
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balaiice.s, (b) tbe excretions of riboflavin and (c) tbe riboflavin 
test dose retnrns of young women. 

EXPERIMENTAL 

Tile subjects were 3 young women, 26 to 27 years of age, 
whose physical examinations showed no abnormalities. Prior 
to the study, the dietary histories of subjects C and E showed 
apparently adequate intakes of all essential nutrients. That 
of subject L indicated an apparently inadequate intake ; both 
her protein and her riboflavin intake were judged to be less 
than adequate according to present day standards. 

After a 5-day preliminary period, the subjects were main- 
tained on weighed diets for 3 periods of 10 days each. The 
protein intakes were low during the first period, high during 
the second and low during the third. The riboflavin intakes 
were relatively constant throughout the study and were 
somewhat lower than the recommended allowances for women. 

A typical day’s diet on both the low- and the high-protein 
intakes is shown in table 1. A variety of foods was served 
daily and the servings were of average size in most cases. 
In addition, as much day-to-day variation was allowed in 
the kinds of fruits and vegetables served as was possible 
without significantly altering the daily protein and riboflavin 
intakes. 

The diets were planned to meet the recommended daily al- 
lowances of the Pood and Nutrition Board of the National 
Eesearch Council (’45) for all nutrients except protein and 
riboflavin. Daily supplements of 700-900 mg of calcium as 
dicalcium phosphate wafers, 0.5 mg of thiamine - and 10 mg 
of niacin were given in the periods of low-protein intake (I 
and III) to complete the allowances and to more nearly ap- 
proximate the daily intakes of period II. 

The average daily intakes of ditferent nutrients were cal- 
culated for 5 days during each period and are shown in table 
2. Tables of food values compiled by Bowes and Church ( ’44) 

®We wish to express our appreciation to Merck and Company for furnishing 
the synthetic vitamins used in the study. 
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TABLE 1 

Typical menus on low and high protein diets. 


BREAKFAST 



liUNCH 


PINKER 



gm 



gm, 


J7m 

f! 



Low-protein 

diet 



Orange juice 

100 


Baked j)otato 

100 

Ham 

40 

Blueberries 

75 


Asparagus 

100 

Yams 

100 

Rice flakes 

20 


Carrots 

100 

Cauliflower 

75 

Bread 

15 


Prunes 

50 

Head lettuce 

50 

Cream 

100 


Lettuce 

20 

French dressing 

10 




Mayonnaise 

10 

Crushed pineapple 

100 




Jello 

100 

Bread 

15 




Bread 

20 

Lemon juice 

30 




Grapefruit juice 

150 






High-protein diet 



Grapes 

100 


Roast lamb 

100 

Baked trout 

150 

Cornflakes 

25 


Green beans 

50 

Corn 

100 

Bacon 

12 


Squash 

100 

Cabbage 

50 

Bread 

45 


Celery hearts 

50 

French dressing 

10 

Cream 

50 


Applesauce 

100 

Orange 

100 




Bread 

45 

Bread 

45 




Peanut butter 

20 

Photolyzed non- 





Punch : 

Grape juice 

100 

fat milk solids^ 

50 




Lemon juice 

50 






Gelatin 

20 



Ad libitum on both diets : 

sugar, butter, jelly and coffee. 


^ Served with sugar and vanilla as a milk-shake. 






TABLE 2 




Caleulated 

average daily intalces of different miirients. 


I‘RRIOD OATj. 

PRO- 

TETK 

EAT 

OARBO- 

■ IlY- Oil P 

PRATE 

Pe 

VIT. A rUA 

VIT. C 


gni 


gm gm gni 


LXJ. mg mg teg 

mg 

I ISOS 

32 

60 

210 1,3 2.1 

9 

10,390 1.4 0.9 19 

162 

II 2133 

110 

81 

241 0.8 1.4 

12 

3,360 1.2 1.1 23 

122 

III 2024 

28 

80 

298 1.1 1.7 

10 

13,590 1.5 0.9 18 

206 

Recom- 







mended 
allow- 
ance 2100 

60 


0.8 

12 

5,000 1.1 1.5 11 
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and by Taylor (’42) were used. That the calorie intake was 
undesirably low in period I was verified by weight losses in 
all of the subjects ; this condition was corrected in periods II 
and III during which time usual weights were regained and 
maintained. The amount of iron was slightly lower than that 
recommended, hut it seemed highly improbable that this would 
influence the results in a study of such short duration. There- 
fore, no iron supplement was given. The vitamin A intake 
was low in period II, but the average intake for all periods 
was well over the recommended allowance. 

Individual food composites, consisting of one-fifth of the 
amount of each food eaten with the exception of bread, dry 
cereals and coffee, were made for 5-day periods. The bread, 
dry cereals and coffee were analyzed separately. Butter and 
cane sugar were not analyzed. 

Test doses of 20 pg of riboflavin per kilogram of body 
weight were given immediately before breakfast at the be- 
ginning of the study and at the end of each experimental 
period; this was followed by a 4-hour urine collection. On 
the previous day, after an identical brealrfast, a 4-hour control 
urine specimen was collected. The breakfasts on these days 
were essentially the same throughout the study, althotigh the 
diet as a whole was a continuation of the diet in the preceding 
period. The test dose returns were calculated by subtracting 
the amount of riboflavin excreted in the control sample from 
that excreted after the test dose. 

Complete collections of both urine and feces were made 
throughout each experimental period. Twenty-four urine spec- 
imens were collected daily. Each sample was immediately 
preserved with hydrochloric acid and toluene and then re- 
frigerated. Five-day fecal collections, marked with carmine, 
were homogenized with 95% alcohol, acidified with hydro- 
chloric acid to a pH of 1.0 and refrigerated. 

The daily urine specimens and the 5-day food and fecal 
composites were analyzed for nitrogen by the Kjeldahl method 
and for riboflavin by the microbiological method of Snell and 
Strong (’39) as modified by Strong and Carpenter (’42). 
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Daily niti'ogen balances wei’e calculated by subtracting’ the 
daily urinary excretions and average daily fecal excretions 
from the average daily intakes. 

RESULTS AND DISCUSSION 
Riboflavin excretions and nitrogen balances 

Tlie average daily riboflavin and nitrogen intakes, the 
corresponding fecal excretions, the daily urinary excretions 
and the daily nitrogen balances of the individual subjects for 
the first and last half of each period are show in table 3. 

On daily nitrogen intakes of approximately 5 gm in period 
I, subject C was in negative nitrogen balance for 9 out of 10 
days and E for the entire 10 days. The balances were de- 
cidedly negative during the first part of the period. Later 
they were only slightly negative and by the eighth day they 
were in approximate equilibrium. The corresponding daily 
riboflavin excretions were 600 qg or more (approximately 
60% of the intake) when the nitrogen balances were strongly 
negative and from 200 to 350 m 8’ (approximately 30% of the 
intake) when the nitrogen balances were only slightly negative. 

In period II, on nitrogen intakes of 18 and 19 gm both sub- 
jects were in positive nitrogen balance for the entire 10 days. 
In both cases, the greatest storage occurred during the first 
jiart of the period. Although the riboflavin intakes were some- 
what higher in this period than in period I (1285 and 1450 qg 
as compared to 950 pg) , the daily riboflavin excretions imme- 
diately dropped to about 100 pg (approximately 7% of the 
intake). 

In period III, when both the nitrogen and the riboflavin 
intakes of subjects C and E were comparable to those in 
pei’iod I, the nitrogen balances were again decidedly negative 
during the first part of the period and approached equili- 
brium in the last part. The daily riboflavin excretions were 
decidedly higher than those of period II. They represented 
almost 40% of the intake when the nitrogen balances were 
strongly negative and about 20% of the intake as nitrogen 
equilibrium was approached. 
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Although the nitrogen losses of both subjects were greater 
in period III than in period I, the riboflavin excretions were 
less. This can probably be explained on the basis of the diets 
prior to the study. Both subjects had regularly consumed a 
diet which included at least pints of milk daily as well as 
generous amounts of meat, eggs, vegetables and fruit. Their 
daily riboflavin intakes on such diets were obviously con- 
siderably more than 1000 ng- Therefore, they excreted rela- 
tively large amounts of riboflavin during the first few days 
as they adjusted to the lower intakes. 

The results obtained on subject L show the same general 
pattern as those on subjects C and E, but at a different level. 
Her nitrogen balances were for the most part, slightly posi- 
tive during period I on the low nitrogen intake. This indicated 
that the nitrogen content of her diet prior to the experiment 
had probably been quite similar to that of her diet in period 
I. Additional evidence of this was obtained from her dietary 
history which showed that her eating habits had been botli 
irregular and erratic; for the most part she had subsisted 
on snacks taken at odd intervals rather than regular meals. 
Still further evidence of her depleted state is shown by the 
magnitude of her nitrogen balances in period II on the high- 
protein diet. She stored over twice as much nitrogen in that 
period as subjects 0 and E. Following these strongly positive 
balances, her balances were negative in period III, although 
to a lesser degree than those of subjects C and E. The daily 
riboflavin excretions of subject L followed the same general 
trend as those of subjects C and E, but also to a lesser degree. 

Correlation coefficients,® calculated between the daily ni- 
trogen balances and riboflavin excretions were found to be 
highly significant for all 3 subjects. They were — 0.69, — 0.57 
and — 0.69 for subjects C, E and L, respectively. 

This shows that in human subjects as in animals an inverse 
relationship exists between urinary riboflavin excretions and 
nitrogen balances. This relationship seems to hold, regardless 

^ Correlation coefficients were calculated according to the Product-Moment 
formula. 
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ol’ Avliether tlie negative nitrogen balances are brought about 
by a low-protein diet or by other factors (Andrea et ah, ’46; 
Rodei'uck et ah, ’46). It also seems to be independent of small 
changes in body weight. In the present study, weight losses 
of 1 to 24 kg occurred in all 3 subjects during period I and 
gains of approximately 1 kg were made by 2 of the subjects in 
period II. In period III, however, only 1 subject showed a 
change in weight. 

It is not surprising that riboflavin and labile protein are 
closely related since the main storage organ of both is the 
liver (Luck, ’36; Kosterlitz and Campbell, ’45). Although the 
kidney also has a high concentration of riboflavin (Taylor 
et ah, ’42; Mitchell and Isbell, ’42), Czaczkes and Guggenheim 
( ’46) report that it is unable to store this vitamin. 

That the riboflavin content of the livers of animals is de- 
pendent on protein intakes rather than on riboflavin intakes 
has been demonstrated in several laboratories (Sarett and 
Perlzweig ’43; Unna et ah, ’44; Reisen et ah, ’46; Czaczkes 
and Guggenheim, ’46; Wright and Skeggs, ’46). The rela- 
tively high riboflavin excretions during periods of negative 
nitrogen balance may be the result of the inability of the liver 
to store riboflavin or the release of previously stored ribo- 
flavin or both. The findings of Czaczkes and Guggenheim 
(’46), however, indicate that the low riboflavin excretions 
during periods of positive nitrogen balance cannot be due 
to storage of the vitamin by the liver. These authors be- 
lieve them to be due to an increased dietary requirement which 
in turn, results from a decreased intestinal synthesis since 
both the fecal riboflavin excretion and the number of viable 
l)aeteria in the feces of their animals on the high-protein 
diet were less than those of animals on a normal diet. 

In the present study, however, no such decrease in fecal 
riboflavin occurred during the period of high-protein intake 
(table 3) . Although these data cannot be interpreted as evi- 
dence that there was no change in the rate of intestinal syn- 
thesis, they do make it seem questionable and would lend 
support to the possibility that other factors may have been 
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operating, in the case of these subjects, to promote liver 
storage or to increase the requirement of the vitamin. 

Riboflavin test dose returns 

Since the amount of riboflavin excreted in the urine varied 
with the coexistent nitrogen metabolism, it would seem logical 
to expect the returns of riboflavin test doses to show a similar 
variation. Sarett et al. (’42) found such to he the case in 
dogs. In the present study the returns of subjects C and L 
were lower after periods of positive nitrogen balance or ap- j- 
proximate equilibrium than after periods of negative nitrogen 
balance (table 4). Those of subject E, however, increased 


TABLE 4 

Ver cent return of rihoflarin test doses. 


.sun- 

J KCT 

PRB PERIOD 

PERIOD I 


t'EKIOD II 

PERIOD m 

Test 

(lose 

4-hour 
return ^ 

Test 

dose 

4 -hour 
return ^ 

Test 

(lose 

4-11011 r 
return ^ 

T est 
(lose 

4-hou r 
return ’ 


uo 

RO % 

IW 

(iff 

% 

(iff 

(iff % 

(iff 

(Iff 

C 

1000 

188 19 

090 

322 

33 

1001 

224 22 

086 

366 37 

E 

1100 

180 16 

1089 

207 

10 

1086 

288 27 

1087 

332 31 

L 

1200 

49 4 

1238 

54 

4 

1274 

64 5 

1256 

113 0 


^ Corrected for tlie amount excreted during tlie 4-lioiir control period. 


progressively throughout the study and showed no relation- 
ship to her nitrogen balances. As a result no definite conclu- 
sions can be drawn from these data as to the effect of nitrogen 
balances on test dose returns. However, since 2 of the sub- 
jects showed the same inverse relationship as was found by 
Sarett et al. (’42), on dogs, and since Czaczkes and Guggen- 
heim (’46) reported that rats on a low-protein diet lacked the 
ability to retain riboflavin, it would seem advisable to give 
consideration to the nitrogen metabolism when interpreting 
the results of riboflavin test dose returns. 

SUMMARY AND CONCLUSIONS 

Three young women were maintained on weighed diets 
for 3 periods of 10 days each. The daily nitrogen intakes were 
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approximately 5 gm during tlie first period, 19 gm during the 
second and 5 gm during the third. The daily riboflavin in- 
takes were approximately 1000 pg during the first period, 
1200 to 1400 pg during the second and 1000 pg during the third. 
Urinary riboflavin and nitrogen excretions were determined 
daily; the amount.s in foods and feces were determined on 
individual 5-day composites. Daily nitrogen balances were 
calculated by subtracting daily urinary excretions and aver- 
age daily fecal excretions from average daily intakes. 

The majority of the nitrogen balances were negative dur- 
ing the periods of low-nitrogen intake and all were positive 
during the period of high-nitrogen intake. 

Daily riboflavin excretions varied inversely with the co- 
existent nitrogen balances. They represented from 40 to 60% 
of the riboflavin intake when the nitrogen balances were de- 
cidedly negative and approximately 7% of the intake when 
the nitrogen balances were .strongly positive. 

The returns of riboflavin test doses given at the end of each 
period showed the same inverse relationship with the nitro- 
gen balances in 2 of the subjects. 

Fecal riboflavin excretions did not appear to be influenced 
by the alterations in the composition of the diet and showed no 
relationship to the nitrogen balances. 
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Comparative studies of the etfects of omnivorous and 
purely vegetarian diets on the growth and longevity of rats 
seem of interest as the increasing population of the world 
tends to compel the use of a lai'ger proportion of foods of 
vegetable origin in the human diet and the view is widely 
held that a vegetarian diet promotes health and longevity. 
Slonaker (’12) determined the effect on rats of a diet which 
he called a strictly vegetarian diet but this diet included 
bread, cookies and other items which introduced small amounts 
of foods of animal origin, such as milk, butter and eggs. The 
growth of Slonaker’s rats on the so-called strictly vegetarian 
diet was nevertheless impaired and they lived only about half 
as long (555 days) as control rats (1020 days) which were fed 
the same diet with the addition of meat and other foods of 
animal origin. Extensive comparative studies of the effects 
of purely vegetarian and omnivorous diets were made on, 
rats by Wu and his associates (Wu and Wu, ’28 ; Wu, Wan and 
Chen, ’32; Chang, Wu and Chen, ’41; and Chen, Chang and 
Luo, ’41). The growth of rats on the best (economical) purely 
vegetarian diet that Wu and his associates devised was in- 
ferior to growth on their omnivorous diets but the vegetarians 

* This stwly wns aided by a grant from Swift and Co., Chicago. 
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were found to live as long or longer than the omnivorous rats 
(Chang, Wu and Chen). That is, the male vegetarians did 
not live significantly longer (540.1 days) than the omnivorous 
males (526.7 days) but the vegetarian females lived signifi- 
cantly longer (611.1 days) than the omnivorous females 
(526.9 days). The longer life span of the vegetarian fe- 
males was attributed to their retarded growth but this does 
not explain why the vegetarian males failed to live signifi- 
cantly longer than the omnivorous males. The data of Chang, 
Wu and Chen show that their omnivorous females did not 
live longer than the omnivorous males and this is contrary 
to general findings. It therefore seems that, instead of the 
life span of the females having been lengtliened by a vege- 
tarian diet, the life span of the females on the omnivorous 
diets wns somehow shortened. A further study of the effect 
of omnivorous and vegetarian diets on longevity and inci- 
dentally, on growth therefore appeared to be desirable. 

METHODS 

As indicated in a preceding paper (Carlson and Hoelzel, 
’46) we included the use of omnivorous diets and a purely 
vegetarian diet in a study of the effect of intermittent fasting- 
on the longevity of rats. In that study, 45 Wistar rats (19 
males and 26 females) were fed our basic omnivorous diet 
(diet 1) and 46 rats (21 males and 25 females) were fed the 
purely vegetarian diet (diet 4). Besides this 46 rats were fed 
diet 1 with 10% added eellulosic bulk-formers (diets 2 and 3) 
but the details concerning the effects of these and other bulky 
omnivorous diets will be reported in a separate paper. Diets 
,1 and 4 were described in the preceding paper and the com- 
position is included again in table 1. Approximately equal 
numbers of the rats fed diet 1 and 4 were fed these diets 
ad libitum or were fasted 1 day in 4, 1 day in 3 or 1 day in 2. 
Littermates of 7 males and 18 females fed diet 1 were in- 
cluded in corresponding groups fed diet 4 and littermate rats 
were also included in the different groups on the same diet. 
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111 a second longevity study on Wistar rats, diet 1 was ag'ain 
used as tlie basic omnivorous diet but, in place of diet 4, a 
vegetarian self-selection diet (diet 6, table 1) was used. Each 
item in diet 6 was presented in a separate container or in a 
separate compartment of a larger container. The peas and 
soy beans included in diet 6 were first soaked 18 hours in 
water. Most of the rats in this study were however fed diet 1 

TABLE 1 

Conipih^ifhn of dletfi. 


Diet 1 — 61.5% dried “whole 3% veal boue meal, 31% eorii starch, 2% 

dried brewer’s yeast, 1.5% inorganic salt mixture and 1% cod liver oil. 
Supplemented by lettuce ad libitum. 

Diet 4 — 50% stone-ground whole w'heat flour,- 10% peanut flour, 7% wheat gluten 
flour, 7% lima bean flour, 7%. linseed meal, 7% corn gluten meal, 5% 
alfalfa leaf meal, 5% brewer yeast, and 2% NaCl. Sup^flemented by 
lettuce ad libitum. 

Diet 6 — Self -selection from corn (whole kernels), wdieat (whole grain), pearled 
barley, rolled oats, sunflower seeds, peanuts, green peas, soy beans, de- 
fatted corn germ meal,® defatted wdieat germ meal,® brewer’s yeast, al- 
falfa leaf meal and FaCl. Supplemented by lettuce ad libitum. * 

Diet 60 Diet 6 supplemented by celery cabbage as well as by lettuce ad libitum. 

Diet 600^ Diet 6 supplemented only by celery cabbage ad libitum. 

^ Specially prepared for us by Swift and Co., Chicago, and previously described 
(Carlson and Hoelzel, ’46). 

® Obtained from Elam Mills, Chicago. 

® Obtained from YioBiii Corp., Monticello, 111. 

with added eelliilosic or other bulk-formers (diets 3, 5, 7, 8, 
9, 10 and 11) but, as already stated, their specific effects will 
be the subject of a separate report. Other differences between 
the second and the first longwity study w’^ere as follows: 
The .first aim was to use rats likely to be more uniform genet- 
ically than the rats used in our first study. This objective was 
presumably attained by using- 18 litters obtained from 4 fe- 
males and 2 males (father and son) instead of 17 litters 
obtained from 16 females mated wfitli 6 males as in the first 
longevity study. No first litters were used and, to promote 
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pre-experimental nutritional uniformity, litters of more tlian 
8 rats were reduced to 8, 7 or 6 rats. The 18 litters provided 
115 rats (57 males and 58 females), including rats born in 
each of tbe 4 seasons. To make it possible to determine the 
influence of tbe different diets at tlie earliest possible ages, 
successive litters from tbe same mothers were raised from tbe 
time wben'tbey first began to eat on the different experimental 
diets. Tbe mothers however were left with their litters until 
the litters were 35 days old but the mothers were fed supple- 
mentary food separately to keep them in as unifoi’m a condi- 
tion as practical for further breeding. The sires were kept 
on diet 1. Five litters, including 17 males and 16 females, 
were started on diet 1. Eleven litters were started on diet 1 
with 10% added bulk-formers (diets 3, 5, 9 and 10). Only 
2 litters, including 6 males and 7 females, were started on 
diet 6 before a deterioration of some of the rats on this diet 
suggested that the starting of more rats on this diet was not 
warranted. The original intentioii was to keep about half of 
the rats on the same diet throughout life and to transfer the 
other half to 1 of the other diets when the rats became 72 days 
old or older. Thus 7 of the original 13 vegetarians were trans- 
ferred to omnivorous diets before they became 200 days old 
and, because of the deterioration of some of the remaining 
6, all of them were placed on omnivorous diets by the time they 
became 345 days old. Nevertheless 10 rats (5 males and 5 
females) started on omnivorous diets were placed on diet 

0 after they became 72 to 200 days old and were kept on this 
diet until they died. Seventy of the rats in this study were fed 
the diets ad libitum and 45 were fasted 1 day in 3 after 
they became 100 to 200 days old. 

In addition to observations on the growth of rats made during 
the 2 longevity studies, short-term growth studies were made 
on other Wistar rats and on Sprague-Dawfley rats. In these 
studies, diet 1 and the Sherman and Campbell diet (containing 

1 part whole milk powder and 2 parts whole wheat flour with 
1.33% added NaCl) plus lettuce ad libitum daily were used 
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as the omnivorous diets and diets 6, 6C and 6CC (table 1) 
were used as the vegetarian diets. 

EBSULTS 

First longevity study 

Figure 1 (first study) shows that the rats fed our basic 
omnivorous diet (diet 1) ad libitum attained weights about 
30% (females) to 35% (males) greater than the average 



Fig. 1 Composite growth curves of rats fed omnivorous diets (Bl and BB) 
and vegetarian diets (D4 and B6) in 2 longevity studies. Bl = diet 1, BB = 
diet 1 with 10% added bulk-formers, B4 = diet 4 and B6 = diet 6. The crosses 
between the growth curves of the rats in the first study indicate the average 
weights and ages of the parent rats when they w^ere received from The Wistar 
Institute. 

weights of the parent rats when they were received from The 
Wistar Institute. On the other hand, the rats fed the vege- 
tarian diet (diet 4), although fed this diet exclusively only 
after they became 42 days old, weighed less than the parent 
rats at similar ages. The average maximum weights attained 
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TABLE 2 

Maximum weights, femoral lengths and ages at death of rats fed an omnivorous 
diet (diet 1) and rats fed vegetarian diets (diets 4 and 6), ad libitum or with 
interiyiitfent fasting^ during 2 longevltg studies. 


1>TKT 

REGIMKN 

NO. OP 
RATS 

MAXIMUAt 
WKIOIIT 1 

sm 

PKMORAU 
LENGTH ^ 
mm 

AGE at 
DEATH ^ 

Bays 


Males — First 

longer it g study 


1 

Fed ad libitum 

5 

591 ± 212 

39.0 It 1.5 

633 ± 123 

4 

Fed ad libitum 

5 

354 ± 59 

38.4 It 0.5 

595 ± 146 

1 

Fasted 1 day in 4 

5 

493 ± 107 

39.0 ± 1.2 

660 It 91 

4 

Fasted 1 day in 4 

5 

350 ± 60 

38.4 ± 1.1 

685 ± 238 

1 

Fasted 1 day in 3 

4 

379 it 96 

38.4 ± 1.2 

649 ±: 225 

4 

Fasted 1 day in 3 

6 

31 S ± 62 

37.2 It 1.7 

637 ± 214 

1 

Fasted 1 day in 2 

5 

348 ± 31 

37.0 ± 0.7 

691 ± 112 

4 

Fasted 1 day in 2 

5 

250 ± 57 

34.9 ± 1.1 

607 It 199 

1 

All regimens 

19 

453 ± 120 

38.4 It 1.1 

659 ± 128 

4 

All regimens 

21 

323 ± 56 

37.2 ± 1.1 

631 ± 187 



Litter mate males 07ilg 



1 

All regimens 

7 

363 It 85 

37.7 ± 0.8 

629 ± 127 

4 

All regimens 

7 

264 ± 27 

35,7 ±: 1.2 

572 ± 170 

1 

Controls ® 

12 

474 ± 179 

38.5 It 1.1 

600 ± 105 

1 

Fasted '** 

12 

394 ± 105 

38.0 ± 1.5 

680 ± 154 

4 

Controls ^ 

13 

348 ± 67 

38.0 It 1.4 

628 ± 180 

4 

Fasted" 

13 

296 ± 66 

36.5 ± 1.8 

674 It 191 


Females — Ftra 

d hmgevity study 


1 

Fed ad libitum 

7 

456 ± 187 

34.7 It 0.2 

659 ± 125 

4 

Fed ad libitum 

6 

236 It 33 

33.9 It 0.8 

649 ± 232 

1 

Fasted 1 day in 4 

7 

343 ±: 38 

35.1 It 0.8 

085 ± 101 

4 

Fasted 1 day in 4 

7 

215 ± 50 

34.3 It 0.8 

545 ± 236 

1 

Fasted 1 day in 3 

7 

351 ± 60 

34.9 It 1.1 

834 ± 138 

4 

Fasted 1 day in 3 

7 

239 It 43 

34.7 ±: 0.6 

762 ± 190 

1 

Fasted 1 day in 2 

5 

280 ± 56 

34.5 ± 0,8 

754 ± 103 

4 

Fasted 1 day in 2 

5 

200 ± 21 

32.6 ± 0.7 

643 ±214 

1 

All regimens 

26 

359 ± 100 

34.8 ± 0.8 

733 ± 112 

4 

All regimens 

26 

223 ± 34 

33.9 ± 0.7 

650 ± 204 
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TABLE 3 (eoniiniied) 


DIET 

REGIMEN 


NO. OP 
RATS 

JtAXIMlTM 
WEIGHT * 
gm 

FEMORAL 
IiENGTII ^ 
mm 

AGE AT 
DEATH ^ 
days 




Littcrmaie females only 



1 

All regimens 


18 

333 ±: 58 

34.7 ± 0.8 

723 ± 154 

4 

All regimens 


IS 

214 ±: 33 

33.8 ± 1.0 

630 ± 214 

1 

Controls “ 


18 

427 ±: 165 

34.8 ±; 0.4 

702 ± 126 

1 

EastefP 


18 

335 zfc 59 

35.0 ± 0.8 

753 ± 131 

4 

Controls “ 


16 

226 ■± 41 

34.2 ± 0.7 

619 ±248 

4 

Fasted ” 


16 

230 ±: 44 

33.9 ± 1.3 

645 ± 152 



Males — 

'^ond longevity study 


1 

Fed ad libitum 


A 

639 ± 169 

39.3 ±: 0.6 

588 ± 96 

6-1 

Fed ad libitum 


1 

570 

37.8 

511 

1-6 " 

Fed ad libitum 


1 

524 

40.9 

564 

1 

Fasted 1 day in 

3 

4 

534 ± 86 

38.2 ± 1.1 

589 ± 206 

6-1 

Fasted 1 day in 

3 

0 




1-6" 

Fasted 1 day in 


1 

458 

38.3 

470 



Fe 

males — Second longevity 

study 


1 

Fed ad libitum 


3 

551 ±: 72 

33.2 ±: 0.5 

701 ± 129 

6-1 

Fed ad libitum 


1 

244 

32.1 

379 

1-6" 

Fed ad libitum 


1 

362 

34.3 

585 

1 

Fasted 1 day in 

0 

»:> 

:i 

357 ± 03 

34.1 ± 1.5 

779 ± 298 

6-1 

Fasted 1 day in 

3 

0 




1-6" 

Pasted 1 day in 

3 

1 

330 

32.9 

835 


^ Mean and standard deviation. 

" The controlvS include rats fed ad libitum and rats fasted 1 dav in 4 or 3 hut all 
fasted control rats fasted less than their fasted littermates. 

® Diet 6 fed early in life and diet 1 fed later in life. 

^ Diet 1 fed early in life and diet 6 fed later in life. 


on the 2 diets and 4 regimens are presented in table 2. The 
greatest individual weights attained by rats fed the diets ad 
libitum were : male on diet 1, 870 gm, male on diet 4, 450 gm, 
female (with mammary tumor) on diet 1, 855 gm, and female, 
(with gastric and uterine tumors) on diet 4, 294 gm. Figure 2 
and table 2 show that the weights attained by the inter- 
mittently fasted rats were inversely proportional to the 
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amount of fasting. The sizes attained, as indicated by femoi’al 
length at death (table 2), were mone uuifoma than the weights. 
The ages attained (fig. 2 and table 2) were, on the average, 
greater in rats fed diet 1 than in rats fed diet 4 and greater 
in fasted rats than in rats fed ad libitum. Mammary tumors 
developed in 8 (31%) of the females on diet 1 but only -in 2 
(8%) of the females on diet 4. Moreover, the mammary 
tumors developing in females fed diet 1 were much larger 
than those in females fed diet 4 — the largest tumor in a fe- 
male fed diet 1 (462 gm) weighed much more than the heaviest 
female (with tumors) fed diet 4 (294 gm). 

Second longevity study 

Figure 1 (second study) sliows that the feeding of the dif- 
ferent experimental diets earlier in life than in the first study 
produced considerable divergences in the weights already 
at the age of 42 days. The omnivorous rats weighed more and 
the vegetarians less at 42 days than the rats in the correspond- 
ing groups in the first study but the vegetarians as well as 
the omnivores in the second study attained greater weights, 
by the time they became 200 days old, than the corresponding 
rats in the first study. In fact, the males fed the vegetarian 
self-selection diet (diet 6) ad libitum gained more weight 
between the ages of 72 days and 200 days than the rats 
in this study fed diet 1 or diet 1 plus bulk-formers ad libitum 
( fig. 1 ) . However, the rats started on diet 6 that were fasted 
1 day in 3 did not seem to fare as well as rats fed diet 4 and 
fasted 1 day in 3 in the first longevity study. The rats fed 
diet 6 ad libitum also began to lag considerably in growth, in 
comparison with the rats on the omnivorous diets, after they 
became 200 days old. Early deaths among* the intermittently 
fasted vogetariams seemed likely. Hence, all of the rats started 
on diet 6 wei’e transferred to omnivorous diets. Kapid im- 
provement in the deteriorated rats followed. Rats that were 
started on the omnivorous diets and transferred to diet 6 
when they were between 72 and 200 days old tolerated fasting 
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1 day in 3 better. Table 2 includes data on rats in the second 
longevity study that were fed diet 1 throughout life and rats 
that were fed diet 6 before or after diet 1. The data indicate 
that the rats fed diet 6 early in life or late in life did not grow 
as well or live as long as the rats fed diet 1 throughout life. 
The maximum weights attained by individual rats in the 
second longevity study were : male on diet 1, 890 gm, male on 
diet C (e<arly in life), 570 gm, female (with mammary tumor) 
on diet 1, 574 gin, and female (with ovarian tumor) on diet 6 



Fig. 2 Composite growth curves of 2 littermate trios of male rats fed the 
basic omnivorous diet (Bl) and 2 trios fed the vegetarian diet (D4:) with 1 
of the littermates in each trio fed the diet ad libitum (control or G) 1 fasted 
1 day in 8 (i) and the third fasted 1 day in 2 (|), The trios on Bl, however, 
were not littermates of the trios on 1)4. The figures on the curves indicate the 
average age attained by the 2 rats on each regimen. The decrease between the 
ages of 200 and 800 days in the average weight of the 2 rats on I>4 and fasting 
1 day in 3 was due to the early deterioration of 1 of these rats. 
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(late in life), 362 giu. Four of the 6 females fed diet 1 throngii- 
ont life developed mammary tumors ; none of the 3 females fed 
diet 6 early or late in life and diet 1 late or early in life 
developed such tumors. 


&horf4erm groujth studiex 

.Vltornate litters raised from the same (Wistar or Sprague- 
DaAvley) rats on either diet 1 or the Sherman and Campbell 
diet plus lettuce daily showed that the weights attained on 
the Sherman and CamplK'll diet were uniformly lower than 



Fig. ii Ooiiipiisile growth i-iirves of rate ted the hasie omnivorous diet (Cl) 
with Httonuates fed the vegutarian self -selection diet supplemented by celery 
cabbage as well as by lettucu? (DBO) and rats fed the Sherman and Campbell diet 
(D Shemian) with littermatcs fed CSC. 

weights attained on our hasie omnivorous diet. The relative 
growth-promoting powers of these 2 omnivorous diets can 
be inferred from the growth curves in figure 3 as the effect on 
littermate rats Avas similar to the depicted efl'ects on rats 
belonging to different litters. A comparison of the groivtli 
curves in figure 3 with the growth curves of the rats repre- 
sented in figure 1 also sliows that the inelusion of celery cab- 
bage ill the vegetarian diet did not significantly improve 
groAvth in comparison with growth on omnivorous diets. 
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DISCUSSION 

Tlie great iveights attained by some of tlie rats on onr basic 
omnivorous diet (diet 1) seem explainable by the nature of 
tlie diet. This diet was designed to supply meat from young 
animals (calves) as the chief source of protein and to include 
enough protein to meet the assumed requirements of inter- 
mittently fasted rats. The dried meat (“whole veal”), as 
originally prepared for us by Swift and Company, contained 
about 50% protein and 40% fat. A diet containing about 35% 
protein seemed to be needed and the fat in the “whole veal” 
made the diet practically a paste diet including about 28% 
fat. In short, diet 1 became a diet rich in animal ])rotein 
and fat like tbe grovdh -promoting* paste diet which is in- 
cluded in the Anderson and Smith (’32) diet. Moreover, 
although our aim was to use mainly natural foods, we used 
corn starcb rather than whole wheat flour as the source of 
carbohydrate in diet 1 to avoid introducing more vegetable 
protein into this diet than necessary. As a consequence, diet 
1 became a concentrated diet containing a minimum of rough- 
age. Diet 1 undoubtedly also appealed considerably to tlie 
appetite of tbe rats and growth was approximately as ra]nd 
as the groAvth observed by others on the Anderson and Smith 
diet ( Dunn, Murphy and Boeldand, ’47). 

The vegetarian diet used in our first longevity study (diet 
4) was designed to make whole Avheat flour the chief com- 
ponent. The other components served mainly to increase the 
protein content of the diet. Diet 4 contained about 30% protein 
and 8% fat but because of the difference in fat content be- 
tween diet 4 and diet 1, diet 4 supplied more protein than diet 
1 on an isocaloric basis. Diet 4, incidentally, contained much 
more roughag’e than diet 1 and our bulky omnivorous diets 
were designed to determine the effect of the hulkiness of vege- 
tarian diets on growth and longevity. Figure 1 (second study) 
indicates that less than half of the lower weight of A*ege- 
tarians is accounted for by the bulkiness or non-nutritive 
fraction of a vegetarian diet like diet 6. The relatively poor 
groAvth of rats on a vegetarian diet is therefore mainly due to 
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tlio unsatisfactory nature of the nutritive components of the 
diet. 

The higlier general weight levels attained by I'ats in the 
second life span study were evidently mainly due to the use? 
of only second and later litters and limiting the size of the 
litters. Seasonal differences in the growth rates of rats 
on diet 1 and diet 6 were found to explain the relatively more 
rapid growth of the vegetarian males in the second longevity 
study between the ages of 72 days and 200 days. That is, 
the vegetarians fared best in summer while the rats on diet 1 
grew mo.st raf)idly in cooler seasons. Our rat quarters were 
not air-couditioned and the period when the vegetarians were 
between 72 and 200 days old included tbe summer period. 

The great variations in the maximum weights of the rats 
fed diet 1 ad libitum (indicated by tbe standard deviations 
in table 2) are only partly explainable. In the first longevity 
.study, the variations in maximum weights were largely due 
to variations in initial weights. The ages attained before 
growth ceased also varied more in the first study than in the 
second. The failui'e of the males in the second longevity 
study to attain more uniform maximum weights suggested 
that a rich diet like diet 1 fed ad libitum may have some 
deteriorating effect on successive generations hut a furtlier 
study of this possibility will be necessary before definite 
coneln.sion.s can be drawn. The maximum weights of the fe- 
males on diet 1 varied mainly because of differences in the 
occurrence of and size attained by mammary tumors. It be- 
came evident in the second longevity study that tbe size 
attained by tbe mammary tumors depended partly on their 
location. Mammary tumors wbicli interfered with eating, 
defeeatiug or nrina.ting were usually chewed off by the rats. 

Tlio great variations m tbe life span of the rats, particularly 
of the vegetarians fed diet 4 (table 2) naturally raised the 
que.stion whether the life spans of the rats fed diet 1 were 
significantly greater than the life spans of the rats fed diet 4. 
The data on littermate males alone and littcrmate females 
alone did not show a significant difference but tbe combined 
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litterniate male and female data showed that the omnivorous 
rats lived significantly longer (P <5%). However, the 
greater variations in the life spans of the vegetarian rats 
furnish a basis for the widely held impression that vegetar- 
ianism prolongs life. That is, although the vegetarian rats, 
on the average, died sooner than the omnivorous rats, 4 
vegetarians became over 1000 days old while only 1 omniv- 
orous rat became over 1000 days old. Moreover, the ageing- 
vegetarians looked younger than the ageing omnivorous rats 
— the vegetarians did not develop skin lesions and alopecia 
like most of the old omnivorous rats. 

The effect of intermittent fasting on the life spans also in- 
dicated that the omnivorous diet was superior to the vegetar- 
ian diet. The combined data on 12 pairs of litterniate 
males and 18 pairs of litterniate females fed diet 1 
(table 2) showed that the fasted litterniates lived signi- 
ficantly longer than their controls (average, 62.8 days 
longer — P <2% ). In contrast to this, 13 pairs of littermate 
males together witli 16 pairs of littermate females fed diet 4 
failed to show that the fasted litterniates lived significantly 
longer (average, only 34.6 days longer — P >50%). In our 
preceding- report (’46), the view was expressed that fasting 
1 day in 3 ivas tlie optimum amount of fasting for rats. Past- 
ing 1 day in 4 did not seem to be of significant value. Fasting 
1 day in 2 on the other hand seemed to be too much fasting. 
Figure 2, for example, shows that the growth of both omniv- 
orous and vegetarian rats fasted 1 day in 2 tended to bo 
stunted after they became about 100 days old and an amount 
of fasting or food restriction ivhieh stunts growth must be 
regarded as too much fasting or too much food restriction 
even if the life span (or mere existence) is thus prolonged, 
lasting 1 day in 3 did not significantly stunt growth (size as 
indicated by femoral length) although it limited weight and 
prolonged life. Twelve of our rats fed diet 1 ad libitum 
or that were fasted only 1 day in 4 had littermates fed the 
same diet and fasted 1 day in 3. The littei-mates fasted 1 
day in 3 lived significantly longer (average, 99 days longer — 
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P<2Vt ). Similar data on 10 pairs of littennates fed diet 4 
did not show that the littermates fasted 1 day in 3 lived sig- 
nificantly longer. Actually the vegetarians fasted 1 day in 3 
lived, on the average, 105 days longer than their littermate 
controls and this suggests that fasting 1 day in 3 was also the 
optimum amount of fasting’ for the vegetarians but the varia- 
tions in the life spans of the vegetarians were so great that a 
much larger nuinher of rats would have been necessary to 
show that even an average of 105 days longer life represented 
a significant increase in the life span (P>50%). 

Tlie data secured during our second longevity study were 
too meager to be treated statistically but it can be seen (table 
2) that the results were similar to those obtained during our 
first longevity study. The results can therefore be regarded 
as additional evidence that a purely vegetarian diet tends 
to shorten life and that fasting 1 day in 3 tends to prolong life. 
This will become cleai’er when the results of feeding diet 1 
with added bulk are reported. 

A ijossible criticism of our longevity studies is that the 
vegetarian diets were not supplemented by a suitable fresh 
leafy vegetable. Wu and Wu (’28) found that the kinds and 
proportions of grains and legumes in vegetarian diets had 
no significant influence on the adequacy of such diets but that 
the type of fresh leafy vegetable supplement used was of con- 
siderable imi)ortance. Lettuce was found to be a poor leafy 
vegetable supplement to a vegetarian diet. Wu and his asso- 
ciates used colza or Chinese “small cabbage” in tlieir exten- 
sive studies, (lolza and Chinese “small cabbage” were not 
obtainable in local markets. We supplied the rats with various 
other greens besides lettuce fx’om time to time but the rats 
preferred lettuce. Hence, we fed mainly lettuce as the sup- 
plement to all diets. However, after Adolph ( ’44) stressed 
the value of celery cabbage as a supplement to a diet of 
grains and legumes we tried this in short-term growth studies 
on Wistai- and Spragne-Dawley rats. The results have not 
convinced us that the celery cabbage obtainable in local mar- 
kets inqn’oves the growth of rats or would he likely to signifi- 



OMNIVOIIOUS AKD VEGETAE.IAN DIETS 


95 


caiitly influence the life span. The rats preferred lettuce to 
celery cabbage when both were provided and also did not eat 
nnich celery cabbage when no lettuce was provided. 

The observed results on the rats confirm the personal ex- 
periences of 1 of us (H) that a purely vegetarian diet (chiefly 
a fruit and nut diet) was unsatisfactory, that fasting was 
more easily borne and apparently of more benefit when an 
omnivorous diet was used and that fasting 1 day in 2 was too 
much fasting regardless of diet. 


SXJMMAEV 

The growtli of rats fed omnivorous and vegetarian diets 
was observed during 2 longevity studies and during additional 
short-term studies. 

Two of 9 male Wistar rats attained weights of 870 and 890 
gm, respectively, on an omnivorous diet including about 35% 
protein (chiefly meat protein) and 28% fat. 

Eats fed purely vegetarian diets were stunted in growth. 

Rats fed an omnivorous diet lived significantly longer than 
rats fed a vegetarian diet. Moreover, the life span was more 
uniformly prolonged by the intermittent fasting of rats fed 
an omnivorous diet than in rats fed a vegetarian diet. 
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EXPERIMENTS WITH DELAYED SUPPLE- 
MENTATION OP INCOMPLETE AMINO 
ACID MIXTURES^ 

E. GEIGEE” 

De^iartmeiit of Physiology j School of Medicine^ University of Southern CaliforniHy 
Los Angeles; and Van Camp Lai) oratories. Terminal Island 


POUR PIGURES 

(Keceived for publication February 12, 1947) 


The optimal composition of amino acid mixtures for thera- 
peutic uses is still under investigation. The logical way to 
determine the optimal composition appears to be to calculate 
statistically from the analysis of a so-called “normal” diet 
the quality and relative quantity of the amino acids present in 
the average daily protein intake (Block, ’43; Mitchell and 
Block, ’46). An amino acid mixture which duplicates the 
composition of such an average daily protein supply could 
a priori be regarded as satisfactory. Against such a con- 
clusion, however, serious objections must be raised. 

The dietary proteins are digested slowly, and therefore the 
absoi'ptioii of amino acids takes place gradually, according 
to the rate of enzymatic liberation. On the other hand, after 
intravenous injection of amino acid mixtures, the organism is 
suddenly flooded with these compounds ; on feeding of amino 
acid mixtures differences in rates of intestinal absorption and 
the rate of renal clearance of amino acids have to be con- 
sidered (Chase and Lewis, ’34; Goettsch et ah, ’44; Eaton and 

' The data of this paper were taken from a thesis submitted by the author to the 
G-raduate School of the IJiiiversity of Southern California in partial fulfillment 
of the requirements for the degree of Doctor of Philosophy, 

With the technical assistance of Leslie E, Geiger. 
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Dotty, ’41). It is possible, tbei’efore, that even in cases where 
amino acid mixtures of optimal composition are fed, they may 
never be present in such relative optimal concentrations 
simultaneously in the tissues as required for protein synthesis. 

The fate of such amino acid mixtures, which by absolute or 
relative lack of certain constituents were either not at all or 
only partially utilized for protein synthesis, is, therefore, 
worthy of investigation. Three possibilities were considered : 
(1) that the amino acids can be stored in the body as such, 
representing thereby a pool from which protein synthesis can 
proceed as soon as the lacking building stones are supple- 
mented; (2) that they are stored in the form of osmotically 
less active peptides ; and (3) that they are irreversibly further 
metabolized, and are therefore not available for protein 
synthesis. 

The first 2 possibilities were investigated in experiments 
described elsewhere (Geiger, ’47). In those experiments it 
was not possible to detect any transitory storage of incomplete 
amino acid mixtures in the form of either amino acids or 
peptides. It w'as decided, therefore, to investigate by an in- 
direct method whether administered amino acid mixtures, 
which by lack of 1 or more essential factors cannot be utilized 
for protein synthesis, are stored in some other way, so that 
after supplemental administration of the lacking amino acid 
protein synthesis can proceed. More specifically, it was 
planned to feed to young rats a diet lacking 1 or more essen- 
tial amino acids during 12 hours, and then, in the next 12 
hours to provide the missing amino acids by feeding a mixture 
containing besides carbohydrates, fats, vitamins, and salts, 
as the source of N onlp the amino acids which were missed 
from the preceding feeding. 

It was assumed that if the incomplete mixture is stored in 
the body, protein synthesis and body growth will occur after 
the missing building stones have been provided. If, however, 
before feeding the supplement, the incomplete amino acid mix- 
ture was already in some way metabolized (deamination, 
gluconeogenesis, oxidation), then at the time of addition of 
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tlie missing building stones certain of the components of the 
incomplete diet would not now be available and, therefore, 
the animals would not show any growth. 


METHODS 

The amino acid mixtui-e used in the experiments with 
tryptophane was prepared by hydrolysis of mackerel protein. 
This protein, as was shown by the author in collaboration with 
Deuel and others (’46),. has a. higher biological value than 
casein. The protein was hydrolyzed with sulfuric acid at 
15-pound pressure for 8 hours. After careful removal of the 
sulphuric acid liy barium hydroxide, the solution wa.s con- 
centrated under reduced pressure to a total solid content of 
15%, Since the tryptophane originally present in the protein 
was destroyed during the acid hydrolysis, the solution pre- 
pared by this procedure was an incomplete amino acid mix- 
ture. This solution was then spray dried. When fed to rats 
of 40-50 gm body weight, at a level of 3% N as the sole source 
of protein, it did not promote growth, which would pre- 
sumably indicate the absence of an essential amino acid. This 
incomplete mixture, when supplemented with 1% Z( — ) trypto- 
phane, had a normal growth-promoting activity evidenced by 
an average daily growth of 4-5 gm. 

The composition of the various diets used in these experi- 
ments is given in table 1. 

Foi’ the experiments the pure bred Sprague-Dawley rats 
Avere placed in individual cages provided with wire mesh 
bottoms. The main difficulty encountered was with respect to 
determination of the daily food intake, due to the habit of 
some rats of spilling the feed. The following satisfactory 
arrangement was finally devised: Ointment jars of 40mm 
diameter and 40 mm height Avith a metal screAV cap) having 
a circular opening of 25 mm diameter, Avere employed as food 
containers. The food was placed in the jar and covered with 
a piece of wire screen (1 X 1cm mesh). The jar was then 
placed in a glass dish of 110 mm diameter and 60 mm height. 
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The whole system was always weighed together, so that small 
amounts of feed spilled into the outer jar were not lost. 
Besides these precautions, rats which did not have the habit 
of spilling their food were selected for these experiments. 

TABLE 1 

Composition of diets, 

DIET NITMEKB 


Basal diet" 78.4 70 04 18.3 TO 95 94 68 65 79 96 84.5 

Aeid hydrolyzed 

dsh protein 19.5 30 


Casein, o.xidized 19 . . 14 

Zein 17.0 30 . . . . 30 30 

i(-^) Tryptophane 2.1 .. 6 0.5 . . 5 2 .. 1 .. 0.5 

l(-h)Lysme 1.2 .. .. 6 .. 5 

1( — )Cystino 1 .. 0.5 

dPMethionine 4 0.5 


^ With the following composition; corn starch, 3050 gm (78.3%) ; rice bran con- 
centrate, 400 gm (10.26%) j cottonseed oil, 200 gm (5.13%); TJSP salt niixtni'e, 
200 gm (5.13%) ; fish oil (Igm contains 2,000 I.TT, vitamin A and 400 I.TT. 
^dtamin B) 50gni (1.27%); riboflavin, 75 mg; Ca pantothenate, 150 mg; choline 
chloride, 2.5 gm. 


EXPEEIMENTS 

Experiments with tryptophane 

In the first group of experiments, tryptophane-free diets 
were fed, followed hy a diet supplemented with the missing 
tryptophane. Eats of group I received the complete diet 
(no. 1) containing tryptophane and all other amino acids. The 
rats of group II had 2 jars in the cage, 1 containing diet 2 
(lacking tryptophane) and the other containing diet 3 (con- 
taining the basal mixture plus tryptophane hut lacking the 
acid hydrolyzed fish protein). Group III received for 12 hours 
diet 2 and in tlie next 12 hours diet 3. In order to rule out the 
effect of daylight on food intake, since rats are nocturnal 
animals, 1 of the rats received diet 2 during the day and diet 3 
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during the night and the other had diet 3 available during 
the daytime and diet 2 during the night. 

The rats of group I, which received a complete diet (no. 1), 
served as controls. In group II, the rats had the chance to 
choose their food from the 2 jars; and on the basis of the 
experiments of Richter (.’42- ’43) concerning the behavior of 
rats in the self-selection of food, it was expected that the rats 
of this group would take from both jars such quantities that 
the food consumed in toto would support optimal gxowth. The 
rats of group III received the tryptophane-free amino acid 
mixture and the missing tryptophane at a 12-hour interval. 



It was observed, however, that the rats did not consume the 
food immediately after it was put into the cages and there- 
fore, the interval between intestinal absorption of the incom- 
plete amino acid mixture and of the supplemented trypto- 
phane varied considerably. 

Figures 1 and 2 are self-explanatory. It is evident that the 
rats receiving the complete diet grew satisfactorily. The rats 
in gToup II which had the opportunity of supplementing diet 
2 with diet 3, having’ both diets simultaneously present in 
different jars in the cage, did not grow for the first 6—7 days. 
In both experiments growth starts after this preliminary ad- 
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period. A higialy probable explanation for this 
obseiTation is that after 5-6 days tbe rats learn to eat food 
rotating from tbe 2 jars at shorter intervals, so that an etfec- 
tive supplementation may be achieved. This possibility should 
be investigated in further experiments in which the time when 
the rats eat from the individual jars would be registered 
automatically Finally, it is seen that there was no growth 

spite of the fact that the rats consumed con- 
siderable quantities of both diets 2 and 3. 


Sony vieiqHT or on SKPERineNTs vhth 

sopplsmentation of U-)TjiyPTOPMAN£, 



H ® MCoMPterE: yyy/rt/Re ano 

TRiPToPHAm tN rm s-ePAmrr oAns. 

« Fi^o fucoHPiFrr M/xTtfne 

47* fx. H90/Z 

Figure 2 
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this amino acid does not promote growth when fed several 
hours after ingestion of a tryptophane-deficient diet. These 
results are in excellent agreement with the observation of 
Elman ( ’39) who found that when the injection of an amino 
acid solution which is deficient in tryptophane is folloAved 
after a 6-hour interval by the intravenous injection of trypto- 
phane, positive N-balanee cannot be achieved. Several authors 
have assumed that the utilizatioii of paventerally administered 
tryptophane is different from that administered per os (for 
literature see Alcock, ’36) ; therefore, the results obtained in 
our experiments with oral administration seem to be a sig- 
nificant confirmation of Elman ’s finding. 

Somewhat similar experiments were published in 1929 by 
Berg and B.ose. These authors showed that feeding large 
doses of tryptophane at long intervals (24-hour) is less effec- 
tive than feeding smaller doses, more frequently. Feeding 
half the daily allowance in the form of tablets at intervals of 
12 hours induced better growth than when the total was ad- 
ministered at 1 time daily. The authors conclude that “ap- 
parently amino acids ingested in excess of anabolic needs are 
not retained. ’ ’ 

Before drawing further conclusions from our results, we 
had to consider that according to the literature tryptophane 
is very rapidly eliminated from the body. Buck and Berg ( ’45) 
found that after oral administration of 0.35 to 1.0 gm trypto- 
phane the tryptophane concentration in the blood increases 
rapidly, reaches its maximum after 2 hours and is again 
normal 5 hours after administration. The authors report also, 
that 1 hour after administration, only one-third of the fed 
tryptophane could be. detected in the carcass. It was therefore 
assumed that tryptophane is very quickly destroyed either by 
deamination or by Icynurenic acid formation. 

Schweigert, Sauberlieh, Elvehjem and Baumann f ’46) also 
reported that after intraperitoneal administration of trypto- 
phane, its concentration in the blood increases rapidly but 
returns to normal again in 2 hours. 
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In Anew nf these data, it seemed possible that the results 
ol)tained in the present experiments with tryptophane were 
the result of the rapid destruction of this amino acid and 
may not represent a generally valid answer to the question 
whether incomplete amino acid mixtures are stored in the 
body. Therefore, it was decided to investigate Avhether the 
results oliservi'd in the experiments with tryptophane can 
be reproduced with other essential amino acids. 

Eu'perimenfs with lysine 

A lysine-free protein was readily prepared according to 
the procedure of Dunn and Leivis (’19). Casein was treated 
according to the method of these authors and fed as the sole 

TABLE 2 


MxpermfnU with ea.mii U^eated accordwp to TJvnn and Lewia (^19), 


roMPOismoN of diet 

RAT 

KO. 

lUtDVWEiailT (02V{) ON DAY Oi" FEEDING 

Before 1 2 51 4 

fi 

Basal diot^’ 80 gm and 

1 

42 

40 

35 

31 

29 

27 

treated easein 20 gm 

2 

37 

35 

31 

27 

23 

died 


H 

XOO 

104 

86 

72 

65 

60 

‘ ‘ Basiil diet ^ ^ SO gm, 

4 

44 

40 

35 

30 

27 

25 

treated easein 20 gm, 

5 

40 

40 

34 

28 

died 


and lyHiiie 1 .a gm 

0 

120 

110 

102 

88 

77 

63 

Basal diet^' 70 gm, 

treated easein 10 gm. 

7 

115 

108 

05 

82 

77 

75 

and casein 20 gm 

H 

10(> 

100 

85 

07 

60 

52 

^ ^ Basal diet ^ ’ 70 gm. 
casein 20 gm, and 
celUidimr 10 gm 

0 

115 

121 

120 

130 

137 

4^ 


protein source to rats. The data in table 2 show that rats fed 
such a diet lose weight very fast (see experiments 1, 2 and 3). 
It was assumed that lack of lysine was responsible for the 
weight loss and, therefore, the next group of rats was fed 
the same diet with the addition of 1.5 gm lysine to each 
100 gm of the diet. These rats (ex])Griments 4, 5 and 6) lost 
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weight in spite of the lysine supplementation, and this weight 
loss was more rapid than that observed by us earlier on 
rats fed diets entirely devoid of protein. It was assumed, 
therefore, that during the nitrite treatment, toxic substances 
were produced and that the presence of such substances 
rather than the destruction of lysine was responsible for 
the weight loss. This assumption was verified by experiments 
in which 10 gm of the treated casein ivere added to a regular 
diet containing 20 gm casein and 80 gm “basal diet.” From 
experiments 7, 8 and 9 (table 2) it is evident that the control 
animal (no. 9) fed 20% casein and 80% “basal diet” gained 
as was to he expected, but the other animals (nos. 7 and 8) 
responded to the addition of nitrite-treated casein with loss 
of weight. The presence of toxic factors in casein treated 
according to Dunn and Lewis was assumed also by Hogan 
etal. (’41). 

Another way to investigate the effect of delayed supple- 
mentation of lysine is to use zein as the source of lysine-free 
protein ( Osborne-Mendel, ’15; Eose and Eiee, ’39). This 
protein has to be supplemented with both tryptophane and 
lysine in order to secure growth in young rats and mainte- 
nance of weight in adult animals (Neuberger and ‘Webster, 
’45; Grillespie, Neuberger and Webster, ’45). The growth- 
promoting power of zein can be improved by adding to the 
diet these amino acids but even so, a normal rate of growth 
cannot be obtained. The reason for such failure has not yet 
been determined (Harris et al, ’43; Borebers et ah, ’42; Kom- 
berg, ’46). 

For the lysine-experiments (fig. 3), the rats of group I 
representing the control group, received diet 4 which con- 
tained both zein and the tryptophane and lysine supplements. 
The rats of this gToup grew sub-optimally as observed by 
Harris et al. ( ’43), and by Borchers et al. ( ’42). 

Rats of group II had 3 jars in the cage simultaneously, 1 
with diet 5 containing zein; 1 with diet 6 containing trypto- 
phane, and the third with diet 7 containing lysine. It will be 
noticed that the rats of this group did not gTow; in fact, they 
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lost weiglit. The animals did not show any sign of efficient 
self-selection of food (Scott and Quint, ’46). Both preferred 
diet 7 containing lysine from which they ate relatively large 
quantities, but the amounts of diets 5 and C consumed were 
too small to permit growth. 

Tlte animals in group III were fed diet 8 containing zein 
and tryptophane for 12 hours, and diet 7 containing lysine 
for the nest 12 hours. 



The rats of this group again conspicuously preferred diet 
7 containing lysine but did not show any growth. 

Finally, in group IV the animals were fed diet 9 containing 
zein and lysine for 12 hours, and diet 6 containing trypto- 
phane, for the next 12 hours. In this group, sufficient quan- 
tities of both diets were consumed during 24 hours to produce 
growth if the food were properly utilized, but due to the de- 
layed supplementation, the animals actually lost weight. 

These experiments prove that the simultaneous presence of 
all the amino acids i.s t?aseutial not only in the case of trypto- 
phane, but also with respect to lysine. 



DELAYED AMINO ACID SIJPPLE14EJli4TION' . 

Experiments tvith methionine 
A metMoiiine-free casein was prepared according to Toeii- 
nies (’42). The formic acid hydrogen-peroxide treatment 
used in this process destroys tryptophane as well as methi- 
onine. Therefore, it was necessary to supplement with trypto- 
phane in order to carry out the experiment. 

Three groups of rats were used. Control group I received 
the completed diet 12, and group II received simultaneously 

BoDi ViEICHT OF lRf\TS ON SX.PE7?tME:NTS V^iTH 
SUPPLE FIENTATJON OF METHtOti I tJE . 



JJo A'^Atu.hSit ifitampLETe. pnnruKe MerHioNirit 

M T<^Ci KfrtKs. 

HJo F£p KeTAT/fj^ /AtciUPLere /ind n^thiOnins ttr /i 

pa<}n in re avals 

Figure 4 

in 1 jar the methionine-free diet 10 and in the other jar diet 11 
containing the methionine supplement. G-roup III received at 
12-hour intervals diet 10 and diet 11 in rotation. 

In this experiment, after the eighth day paired feeding for 
the rats of groups I and II was employed. It was determined 
how much food was consumed of diets 10 and 11 each by the 
rats of group II; corresponding quantities were then mixed 
and fed to the rats of gTOup I next day. 

From figure 4 it is evident that the fully supplemented oxi- 
dized casein (diet 12) has a fair growth-promoting property 
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as has already been found by Bennett and Toennies (’42) ; 
tlie I’ats of group I were growing. However, the animals in 
groups II and III showed no growth. 

One rat of group III, after losing weight for 10 days, sud- 
denly started to regain its weight for no apparent reason. 

These experiments with methionine supplementation prove 
that not only tryptophane and lysine, but also methionine, 
have to be present simultaneously with the other amino acids 
in order to provide favorable conditions for protein synthesis 
and •wliatever special metabolic processes these essential 
amino acids serve in the body. 

DISCUSSION AND CONCLUSIONS 

The experiments with delayed supplementathm of lysine, 
methionine, and tryptophane are concordant in indicating that 
the essential amino acids have to be simultaneously present 
for protein synthesis. These findings show also that incom- 
plete amino acid mixtures which by lack of an essential build- 
ing stone cannot be used for protein synthesis, are not stored 
in tlie body hut are further metabolized probably in an ir- 
reversible manner. These results should be considered when 
amino acid mixtures for tlierapeutic feeding are prepared or 
administered. Tiie practical consequences of tliose findings 
will be further investigated. 

This observation, that supplementing incomplete amino acid 
mixtures with the missing amino acid after a certain time 
interval does not promote growth, seems to constitute an 
important argument against the theory of step-by-step syn- 
thesis of protein molecules with intei'mediate formation of 
peptides. These results and those published by Berg and Rose 
(’29) and by Elman ( ’39), suggest that the foi'mation of pro- 
tein molecules is a coordinated tissue function and can be 
accomplished only when all amino acids which take part in 
the formation are present at the same time. 

Two other papers may be cited in support of such a view- 
point (IMelnick et al., ’46; Russell et al., ’46). The first named 
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authors explain the different biological values of raw and 
processed soy protein by the observation, “that during- dig’es- 
tion in vivo the methionine is released earlier from the heat 
processed soy meal than from the raw soy meal ... in the 
case of raw meal, absorption occurs so late in the intestinal 
transit that this amino acid, as well as the incompletely sup- 
plemented amino acids, are not efficiently utilized for the 
synthesis of body protein.” 

Another bit of evidence in support of the assumption that 
for optimal protein synthesis the simultaneous presence of 
all the building stones is necessary, was supplied by Cox and 
Mueller (’44). These authors have shown that less essential 
amino acids are required for maintenance of N-balanee, when 
the non-essential ones are also provided simultaneously. From 
their experiments it would seem highly probable that the non- 
essential amino acids, when not provided along with the essen- 
tial ones, have to be synthesized in the body ad hoc. The 
synthesis of these building stones requires time during which 
some of the essential amino acids may be excreted or diverted 
from the protein synthesis by intei-mediary degradation or 
transformation. 


SUMMARY 

The fate of dietary amino acid mixtures which, because of 
absolute or relative lack of certain essential constituents, 
would either not be utilized or only partially utilized for 
protein formation was investigated. 

With delayed supplementation of the lacking amino acid, it 
was shown that the missing tryptophane, methionine or lysine, 
when fed several hours after feeding of the “incomplete” 
mixture, does not promote growth. This finding supports the 
view that the “incomplete” amino acid mixtures are not 
stored in the body but are irreversibly further metabolized. 
It shows also that for protein synthesis all the essential com- 
ponents have to be present simultaneously. 
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STABILITY OP EEDUCED ASCOEBIC ACID 
IN MAEES’ MILKi 

AETHUB D. holmes and CAELETON P. JONES 

Mafimehiii^elts Jfjrknltural Exprriment Stafiouj Amherst 

(Reeeivcd for iiiibUeatioii February 18, 1947) 

111 a previous study in which Holmes, Spelmau, Smith and 
Kuzmeski (’47) compared the protein, mineral, and aseorhic 
acid content of mares’ milk with that of the milk of otlier 
species, it was noted that the ascorbic value was relatively 
high. Since the mares’ milk contained 4 or 5 times as mucii 
ascorbic acid as Holmes, Jones, Wertz, Esselen and McKey 
(’44) and Holmes Lindquist, Jones and Wertz (’45) obtained 
for milk from a herd of 5 common breeds of cows fed forage 
produced on the same or similar fields as that consumed by 
the mares, it was assumed that the difference was due to the 
2 species of animals under consideration. This observation 
raised a question regarding factors that may influence the 
reduced ascorbic acid content of mares’ milk, particularly 
since a sample of mares’ milk that had been stored for several 
days, possessed approximately the same reduced ascorbic acid 
content as when it was freshly drawn from the mare, a condi- 
tion quite different from the reported rapid disappearance of 
reduced ascorbic acid from cows’ and human milk. Accord- 
ingly, a study was inaugurated to accumulate data regarding 
the stability of I'educed ascorbic acid in mares’ milk. 


EXPEEIMENTAL 

The milk was produced by mature Pereheron mares at the 
end of the lactation period. Although the samples were col- 

'' Gfjniribntiou No. 617 of the Massachusetts Agricultural Experiment Station. 
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lected cliiiing the late fall, pastures provided nearly all of 
the forage for the mares. However, since the season was im- 
nsually warm and sunny, the rainfall ample, and the pastures 
had been closely grazed, the grass that the mares consumed 
was young and green. The mares were in the pasture about 

14 hours at night, and during the day they were confined in 
roctoy box stalls where they received a supplementary ration 
of 4 quarts of cracked oats, a quart of whole corn and a small 
amount of early-cut, mixed hay. The milk samples, which 
were collected in the early morning, were protected from the 
light and taken directly to the laboratory, and the initial assay 
■was started within an hour after the sample was obtained from 
the mare. The milk was stored in comnmrcial flint glass milk 
bottles in a non-illuminated refrigerator at 10° C. When the 
milk was initially placed in storage, the bottles were com- 
pletely filled and closed wdth the usual paper milk bottle cap. 
As aliquots -were withdrawn for assay, the volume of air ih 
the bottles constantly increased until when only the last 
aliquot remained the bottles were almos.t filled with air. This 
procedure seemed desirable since, in the average liousehold, 
milk is frequently stored in the refrigerator in partially filled 
bottles. 

Wlien the study was begun, practically no information was 
available regarding the stability of the reduced ascorbic acid 
in mares’ milk; therefore some of the samples were assayed 
daily. Other stnnjiles were assayed at longer intervals which 
served 2 purposes, i.e., materially increasing the period of 
oiiservation and increasing the duration of the contact of air 
Avith the milk. The amount of reduced ascorbic acid in the 

15 samples of mares’ milk was determined by titration with 
sodium 2,6 diehlorobenzenonindophenol. A 25 ml sample of 
milk was measui-ed into a 125 ml flask that contained a mixture 
of 5% phosphoric acid and 10% acetic acid. For clarification, 
0.5 gin of bentonite ^ was added. The flask was stoppoi-ed and 
vigorously shaken for 1 minute and the mixture was filtered. 

”r. R. 12Ui rovis-ion, XoveiiilKT 1, 1942, Ar.-iil! Printing fVi,. 

KastOH, Pa, •• 
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The clear filtrate was divided into 10 ml aliquots, cooled in 
the refrigerator and titrated with the standardized dye solu- 
tion. The bentonite served both to produce a clear filtrate 
and to greatly decrease the length of time required for 
filtering, for the proteins precipitated from mares ’ milk differ 
in appearance and physical condition from those of cows’ 
milk. A series of duplicate tests gave the same results wdiether 
bentonite was used or omitted. 

EESITLTS AND DISCUSSION 

The results of the individual assays of mares’ milk for 
reduced ascorbic acid are reported in table 1. The range in 
initial values from 86 mg to 161 mg of ascorbic acid per liter 
makes it possible to compare the rate of disappearance of 
reduced ascorbic acid from mares’ milk of widely different 
potencies. Samples VI, IX, XI, and XIII observed for a 
10-day period, lost 2.6 mg, 2.3 mg, 2.5 mg, and 2.4 mg of 
reduced ascorbic acid per day, respectively ; samples VII, X, 
XII, and XV, observed for 20 days, lost 2.5 mg, 1.9 mg, 1.5 mg, 
and 1.2 mg, respectively; samples III and V, observed for 
28 days, lost 1.2 mg and 1.4 mg daily ; samples I, II, IV, VIII, 
and XIV, during 33 days, lost 0.7 mg, 1.1 mg, 2.7 mg, 0.5 mg, 
and 2.1 mg, respectively. The rate of loss of reduced ascorbic 
acid from sample IV after 16 days’ storage was radically 
different from that of the other samples. Omitting sample IV, 
the average daily loss of ascorbic acid from mares’ milk 
stored for 10 days was 2.5 mg per liter, for 20 days was 1.8 mg, 
for 28 days was 1.3 mg and for 33 days was 1.1 mg. How- 
ever, this correlation between the daily loss and the initial 
potency may be merely coincidental. 

The 2.5 mg per liter daily decrease in reduced ascorbic 
acid during the first 10 days of storage agrees well with the 
2.2 mg-por-liter loss reported by Grunsalus and Hand (’41) 
for fresh raw cows’ milk. However, the decrease of 2.5 mg 
of ascorbic acid in mares’ milk represents about 1.9% daily 
loss whereas the 2.2 mg decrease in cows’ milk represents 
14.8% loss. In other words, the loss of ascorbic acid from 
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cows’ milk is over 7 times as rapid as from mares’ milk. In 
a study of 12 samples of commercial cows’ milk stored at 
1°C. for 6 days, Hand (’43) found a daily loss of 2.1 mg- per 
liter or a loss of over 11%. Kotliavalla and Gill (’43) ob- 
served a 24% loss from cows’ milk stored at room temperature 
for 11 hours and a 26% loss during 3 days’ storag’e at 5°C. 
Holme.s and Jones ( ’45) found either only a trace or no de- 
tectable reduced ascorbic acid after a 30-minute exposure to 
sunshine. These observations are in accord with the data 
accumulated by several other investigators cited by Holmes 
and Jones (’45) which show that the reduced aseorhie acid 
content of cow’s milk decreases rather rapidly during- the 
first few days after the milk is obtained from the cow. Few 
data are available regarding the stability of ascorbic acid in 
human milk. Stateva (’43) reported that from 41% to 93% 
was lost during 24 hours’ storage at room temperature. 

While numerous investigators have supplied data regarding 
the effect of such factors as air, temperature, light, and oxi- 
dation upon the rate of disappearance of reduced ascorbic 
acid from cows’ milk, a question naturally arises as to the 
primary factor which causes the destruction. Hand, Guthrie 
and Sharp (’38) reported that “lactoflavin is the sole agent 
in milk responsible for the sensitivity of ascorbic acid to 
light.” In a study of the pigments, vitamins, and enzymes of 
milk in relation to changes in flavor and nutritive value. Hand 
and. Shai-p (’41) found that “riboflavin, the fluorescent green 
coloring matter in whey, is responsible for the oxidation of 
vitamin C in light.” Thus one might assume that for a given 
set of conditions the more there is of naturally oecurring 
riboflavin present in milk, the greater is the extent or the 
more rapid the disappearance of reduced ascorbic acid. This 
assumption is in a measure supported by the data under dis- 
cussion, i.e., reduced ascorbic acid disappears more rapidly 
from cows’ than from mares’ milk and cows’ milk contains 
more riboflavin than mares’ milk. In one instance reduced 
ascorbic acid disappeared from cows’ milk about 7 times as 
fast as from mares’ milk; and Holmes, McKey, Wertz, Lind- 
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qmst and Parkinson (’46) found cows’ milk contained about 
10 tunes as much riboflavin as mares’ miUi produced on the 
same farm. Easmussen (’46) stated that cows’ millr contains 
approximately 10 times as much riboflavin as mares’ milk, and 
Easmussen, Bogart and Maynard ( ’38) observed that sunlight 
did not decrease the ascorbic acid content of mares’ milk to the 
ex ,ent that it did for cows’ milk. However, it is quite evident 
tJiat the available data are too meager to permit any definite 
conclusions regarding any relationship between the amount 

ft a'iSSaer®* “ 

SUMMARY 

fr^^Sfi^me t^lfiT '"’ith initial potencies of 

reduced ascorbic acid per liter were 

lo^er Irv'a?^^^ 10°C. They were assayed at daily or 

g intervals. Four samples observed for 10 davs lost an 

losM^V 4 samples stored 20 days 

3 obseLd for si'd’a '^7*^ f 

_ oDserved for o3 days lost 1.1 mg per liter per dav Tliose 
data show that the rate of loss of reduced ascorbic acid from 
marea’ m,lt .s only a fraction of tire rate of loss frl eo ”," 
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Of the endemic diseases caused by a deficiency of the miero- 
nntrient elements, that due to a lack of cobalt is perhaps the 
most widespread. In this country alone, localities in Mich- 
igan, New Hampshire, and Wisconsin have recently been 
added to the already long list of cobalt deficient areas (Baltzer 
et ah, ’ 41 ; Keener et ah, ’44; Geyer et al., ’45). A great deal 
of work has been done in attempting to clarify the role that 
this element plays in animal physiology — for recent reviews 
see Marston (’39), Sehultze (’40), Underwood (’40), and 
Maynard (’41) — yet much remains to be learned. While the 
decreased and depraved appetite, progressive debility, ano- 
rexia, and general emaciation are characteristics of cobalt 
deficiency in sheep and cattle, none of these symptoms is 
specific. 

Attempts to produce a cobalt deficiency in the rabbit and 
guinea pig in the hope of finding specific symptoms or changes 
were unsuccessful. The work is reported briefly since it indi- 
cates that there is a species difference in the need for cobalt. 

EXPEEIMBNTAL 

The basal diet consisted of whole milk and corn grain.'* 
The average of several determinations for the cobalt content 

* Taken from a Pli.D. thesis by the senior author. Cornell University, 1944. 

"Present address: Department of Botany, University of Chicago, Chicago, III. 

" Obtained from the Cornell University herd, milked into X^yrex jars. 

^ Grown in a iow-eobalt area, obtained through the courtesy of Dr. G. Iv. 
Davis, Florida Agricultural Experiment Station, Gainesville, Florida. 
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of the milk was 0.0007 Mg/ml, while the corn contained 0.0005 
Mg/gni dry weight. In the proportions eaten by the animals, 
this made a diet containing 0.0024 p.p.m. on a dry basis. 
These analyses and those on liver samples were made by the 
method of Ellis and Thompson ('45). 

Preliminary experiments showed that good growth eonld 
be obtained with the rabbit fed this diet, but that with the 
guinea pig it is unsatisfactory. Sprouting the grain to a length 
of 6 to 8 inches made a noticeable but insufficient improvement. 
In this preliminary work it became evident that the require- 
ment for cobalt by both of these species was not high. 

A second experiment was performed using rabbits. Twenty 
animals were distributed at random into 4 groups. Prom birth 
to 4 weelis of age they were denied access to the dam’s feed, 
but were allowed to suckle at intervals and were given fluid 
whole milk and whole milk powder. At 4 weeks of age they 
were placed in individual glass cages. In addition to the 
basal diet fed ad libitum, 1 group was given orally twice 
weekly a supplement of iron, copper, manganese, and cobalt at 
a rate to give, respectively, 2,000, 200, 2,000 and 4|jg per 
animal per day. Another group was treated in similar fashion 
except that the cobalt was omitted. The remaining 2 groups 
were supplemented only with manganese, since it was expected 
on the basis of the iron and copper content of the diet that a 
mild nutritional anemia might be produced and that under 
these conditions a cobalt deficiency might be more easily 
demonstrated. 

^ The manganese was purified by the extraction of a solu- 
tion of manganous chloride with o-nitrosocresol in petroleum 
ether, while the iron was purified by extraction from strong 
HCl with diethyl ether according to the method of Dodson 
et al. (’36). Baker’s e.p. cupric sulfate and cobaltous sulfate 
were used as the source of copper and cobalt. 

The animals were weighed weekly and their condition noted. 
Hemoglobin determinations were made periodically by the 
method of Sanford and Sheard (’30). After 46 weeks on the 
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diet, the animals were sacrificed and the livers taken for 
cobalt analysis. 


EESULTS AND DISCUSSION 

At 4 Aveeks of age the hemoglohin values were below nor- 
mal, ranging between 5 and 9.9 gm/100 ml of blood, because 
until this age the animals had received only milk. The hemo- 
globin Amines for the animals receiving the complete mineral 
supplement, as Avell as for those of the animals receiving 
the supplement lacking only cobalt, rose to normal in about 
2 weeks after starting the supplement, Avhile the values for 
the 2 groups receiving a supplement of manganese alone rose 
more sloAvly. After 8 weeks, at which time the hemoglobin 
levels of the latter 2 groups Avere still subnormal, 1 of these 
Avas given a supplement of iron and the other of copper. 
This was done to determine if possible whether the anemia 
found was due to the lack of copper or of iron. 

The hemoglobin levels rose slightly, the animals of the 
group receiving iron responding a little more quickly than 
those receiving copper; however, the difference in response 
Avas small and probably of no significance. At 14 weeks of age 
the iron and copper supplement was given to all groups ; from 
this point on, then, the 15 survmng animals can be considered 
as falling into 2 groups, 1 group of 5 receiving cobalt and the 
other of 10 receiving no cobalt. The groups Avere not dmded 
equally because it Avas hoped that if cobalt deficiency symp- 
toms should develop, there would be an. opportunity to sub- 
divide the larger group and supplement the diet of part of 
them AAuth cobalt. The hemoglobin values from this point to 
the end of the experiment were 12.9 for the group receiving 
cobalt and 12.6 gm/100 ml for those not receiving cobalt. These 
values are not significantly different and are somewhat below 
the value of 14.0 gm/100 ml characteristic of our colony on a 
stock diet. 

At 6 months of age, the 4 surviving females were bred. 
Three had young, none living for more than a few days. 
Later attempts to obtain viable young led to similar results. 
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AltliORgli growth was fairly good (see table 1) the mortality 
rate during the experiment was high, there being 10 survivors 
at tlio, end of the 4G weeks. Various attempts to reduce the 
mortality rate by supplemental feeding of sodium cdiloride, 
thiamine, and cellulose seemed to be of no help. Although 
g'vowthwas slightly more rapid and the mortality rate slightly 
lower in the eohalt-supplemented group, the difference was 
uot significant. 

T.\BL1 1 


AvvMfiv Wf Iff III and numhor of survivors at monildy intervals. 
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A record of the feed consumption was kept for a period of 
8 moiitli.s sturthig from the beginning of the experiment. Four 
of the auiinals fed the cobalt supplement and 7 of those 
not receiving cobalt survived this period. In the former group 
the average consumption of corn hy each rabbit per day was 
34 gni, while the corresponding figure for the latter group 
was 29,5 gin. The corresponding values for milk consumption 
were 140 gin and 129 gm per animal per day. Tims, the slightly 
better growth response of the group receiving cobalt cor- 
responds with a slightly greater feed consumption, but here 
again the difference is not significant. During this period of 
8 monlliR, the average daily intake of cobalt of the non-sup- 
piemenfed group wms 0.1 gg as compared with 4 gg fed as a 
supplement to the other group. Considering only those animals 
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surviving’ until the end of the experiment, the average cohalt 
content of the livers of the cobalt-supplemented rabbits was 
0.140 Mg’/g™ while the cobalt content of the other animals was 
0.014 Mg’/gm of dry tissue. The livers of those animals which 
died during the course of the experiment contained 0.147 
ug/gm for the cobalt-supplemented group and 0.029 [jg cobalt/ 
gm of dry tissue for the controls. 

At autopsy the animals were carefully examined and for 
the most part appeared normal in the gross with the exception 
that the livers of nearly all of the animals of both groups were 
cirrhotic. This finding as well as tlie mortalitj'' rate and the 
failure of these animals to reproduce makes it clear that the 
diet used is not complete for these species. It may be that a 
deficiency of some other dietary essential was partially re- 
sponsible for the failure to produce a cobalt deficiency. 

Wunsch (’39), having reviewed the studies in New Zealand, 
states that forage from 77 pastures where trouble occurred 
contained on an average 0.038 p.p.m. cobalt on a dry matter 
basis, and Underwood and Harvey ( ’38) reported a compar- 
able figure of 0.04 p.p.m. based on Australian studies. The 
present diet containing 0.0024 p.p.m. on a dry basis then gives 
an extremely low cobalt intake compared to that required by 
the sheep or cow and suggests that there is a species dif- 
ference in the requirement of various animals for cobalt. 
Additional support for the idea that the rabbit requires less 
cobalt than the sheep or cow lies in the fact that the dried 
liver contained only 0.014 p.p.m. of cobalt as compared to 
the values of 0.06 p.p.m. and 0.02 p.p.m. in affected sheep 
reported by Underwood and Harvey (’38) and Askew and 
Dixon (’37), respectively. 

Marston (’39) in a review article mentions a personal 
communication from McDonald to the effect that rabbits show 
no signs of cobalt deficiency when fed entirely on pasture from 
affected areas, and according to Marston the same is true 
for the horse. Working with the rat, Underwood and Bl- 
vehjem (’38) found the requirement to be less than 0.6 qg, and 
Honk et al. ( ’46), 0.03 qg per animal per day. 
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There is thus a growing body of evidence tlint eolialt de- 
ficiency is limited to the ruminants and more ptirticiiliirl\- to 
sheep and cattle. Some years ago Fiimer ( ’3;t) suygestod that 
some organic factor is lacking in colxalt deticien'cv, on the 
basis of their work showing that liver is effective 'in curimv 

‘‘Coast Disease,” the effectivene.ss not being accounted for 
by the liver ash. < ku 

More recently McCance and Widdowson ( ’44) eite ■, nei- 
sonal commmictioi. from C. J. Martin tl.at si, cap 
from ‘Coast Disease,” wMe cured by cobalt idvm! hv nm,lh 
are n^ot cmred by cobalt when given by injection. Tiiov sn-.' 

element probably act.s upon some 'of tlm 
oigamsms m the_ rumen. We suggest, furtlier, that the 
microorganisms affected are those conconied witli tlu> svn 
thesis of B-vitamins. Many of the symptoims of ,<4 ; It deti’ 
are eonrparable to those fonnd in B-vita,„i„ dl'ncietv 


SUMJiLAEY 

in the light of the hypothek thnt'fli,. ' discussed 

enliar to ruminant species mid mn 

with biological processes in the rumen." Pi'nnarily 
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Thi've is tints a groAving' body of evidence that cobalt de- 
licitnicy is limited to Ibo riiinitiaiits and more jiarticnlarly to 
.slieej) and eattl(>. >Soui(,‘ years ago Filmer ( ’33) suggested that 
some organie factor is lacking in cobalt doliciency, on tbe 
)>asis of tlndr work sliowing tbiit liver is cii’eetive in eiiring 
“(loast Disease,” the effectiveness not being aceonnted for 
by the, liver ash. 

i\love recently .Mcftinct! and "Widdowson (’44) cite a per- 
sonal c<immnniciition from F. J. IMavtin that sheep suffering 
from ‘‘Fmist Disease,’’ Avliile cared by cobalt given Iry month, 
are not cart'd by cobalt when given by injection. They sng- 
gesl. further that the element proltably acts upon some of the 
organisms in the rnmen. AVe suggest, further, that the 
miert)oi’ganisnis affected are those eftneerned with the syn- 
thesis of R-vitainins. Many of the symptoms of cohalt defi- 
ciency are comparahlo to those found in B-vitamiu deficiency. 
Anorexia, for example, is a sjnnptom of hotli cobalt and thia- 
mine dt.'ficioncy. Hypochromic microcytic anemia and im- 
paired reproduction are ('ommon symptoms in both cohalt and 
pyridoxine deficiency. 


SUMM.MiV 

Ifabhits fed whole milk and corn grain require less than 
0.1 iig of eobalt ])er animal ]ier day. This finding is discussed 
in tlie light of the hypothesis that the need for cobalt is pe- 
culiar to ruminant species and may be concerned primarily 
witli. liiologif'ul processes in the rnmen. 
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The Mead Johnson and Company Award for 
Research on the Vitamin B Complex was pre- 
sented to Dr. William J. Darluf, Associate Pro- 
fessor of Biochemistry, Vanderbilt University 
School of Medicine, Dr. Paul L. Day, Professor of 
Physiological Chemistry, University of Arkansas 
School of Medicine, and Dr. E. L. B. Stohstad, 
Research Chemist, Lederle Laboratories, for 
their discoveries and investigations in the held 
of the B-complex vitamins with special reference 
to their studies on the chemical nature and nutri- 
tional significance of folic acid. The presentation 
was made at the annual dinner of the American 
Institute of Nutrition on Monday evening. May 
19, in Cliicago. 



The Borden Award for 1947, administered by 
the American Institute of Nutrition, was pre- 
sented to Dr. L. A. Maynard for many years of 
noteworthy services in the field of general nutri- 
tion and for many significant contributions to 
the knowledge of the physiology of milk secre- 
tion, of factors affecting milk production and 
milk composition, and of the recpiirements of 
animals for dietary fats. The presentation was 
made at the annual dinner of the American Tnsti- 
lute of Nutrition on Monday, May 19, in Chicago. 



aniE i:\rpoiJT.\,NCE of riboflavin, 

PANTOTHENIC ACID, NIACIN AND PYRIDOXIN E 
IN THE NirTRITION OP POXES ^ 


A. li. SC:ilAI-],FEK, G. K. AVHITKHAIR ANJJ C. A. ELVEH.TEM 

})f Harf iHi Ut of Blnrhemisirii and Vt'tarmnry Seinirc, 

Univemfij of Wisconsin, Madisfm 

TWO FIGURES 

i Received for piiblieatioH April 30, 1947) 

Tile mitrhioiicil requirements of the fox have been under 
investigation in our laboratory in which purified casein- 
sueroso rations supplemented with synthetic vitamins Inive 
l>eeu used. The requirements for folic acid and another un- 
identified factor 01 - factors in fresh liver have l)een reported 
{Schaefer et al., ’17). Since fox pups receiving the purified 
j'ation supplemented Avith all the knoAvn synthetic Autamins 
grow as well as fox papa I'eceiving a stock meat, cereal, and 
liA’er ration foi‘ a period of 14-16 weeks, it is possible to study 
tlie i-equirement for these vitamins if the deficiencies develop 
within 12 to 14 AA^eeks after being placed on the deficient ration. 
Experiinent.s AA’ere iiutiated, therefore, in A\diich each of the 
following A’fitamins A\'as omitted from the complete basal ra- 
tion : riboflavin, pantothenic acid, niacin or pyridoxine. 

EXPERIMENTAL 

Weanling siHer and red fo'x pups 6 to 7 Aveeks of age Avere 
used in these studies. The general experimental procedure 
has been cle.scribed preAdously (Schaefer et ah, ’47). The 

^ Published with tlie approval of the director of the Wiseoiisin Agricultural 
Ex])erimeut Station, J^ro.ject 014, Fur Farm Researelu 
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l>a^^al ration had tln‘ t'ollowin.ii’ (^.oni])ositiori : siK'roso (>()%, 
ra.^chii (Srnarn Vit. Test) eidtonst^ed oil y eod Ih^or 

(hi :T and salts IT ( i,dnl]i])S and llari, ’da) 4.% . Eaeli 100 
ol' i-ation was sui)ih(nneii1<*d witli 0/2 ing thiamine chloride, 
rn2 m,^’ pyridoxiiK^ hydroeliloride, 0.4 riboflavin, La ni.i>* 
('alduni panhillnMiate, 4 ni.e,’ niacin, 1()() luii,’ choline chloride, 



] (irnuiii nl' luN jidjjs dtMmui^tfrjrnjij;' lln- dlViM-l ol^ omitting .1. vitoiuiu .from 
tlu‘ liosii rolioii. Xiiitilirrs (i.t*., o) mg c;f thi'r.Mpy ol: Uu> six^cific vitomiii 

Fox ! o — - romololo lio.soi. .N<^ 1:1 — IjohoI rot ion minus rUjoilnviu. A. 
slorRMi 't,!:'.:) mg ]„•]' Ion gju r.-ition. No. ruiioii iniinis pyriRoxino. Ao. 

nu.sul r;ni«i!i minn.s p:imi»llu*iiu' (>, ;:i() nig ('iilriiim orrilly 

plus .1 Mig 1 ui I'u riMitUijily itt .‘I Miiiitiou of glu('os<' mul .suliiitn No, IS — sturti.'d on 
Vlir i'usul ruliou mimis iruo-in uiul folio urid. F. :it) mg iiiuoiu orally and starti'-d 
(».] mg folir. arid p(M‘ i<Mi gii, of ration, 

0.1 111,!;' Julie acid, O.02r) ni.i>' liiotiii, 27) iiig i-iiiositol, uO mg 
})-ni!iiiiolH‘iizoic aeid, 2 mg aljilia-foeopljm'o] and 0.5 mg 2- 
)mdliyl-l,4-ii;i])]illio(iuiiiom‘. (ri-oAvtli ('iirves of a typicad fox 
}iVip from each serii's of ('Xjievimoiits arc given in fignve 1. 
Talilo 1 !<niumari>:(‘s ilie Idood findings. 

liihnfldi'vn 

l{(‘d lux pipjs iius. Id, 14 and silver jmp If) received the hasal 
rai.iun mlinis riliuila\'iii. Aft(!r 2 weeks on e.xporhnont the rate 
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nf growtl) of all tlie ])ups sliowed a deliiiite deeroase. Pup 1!) 
Avas fed a siui*'le BuppJenieiit of 2 lUg riboHaviii and normal 
groAvili resumed. HoweA^er, 3 w^eeks later failure Aras ex- 
Irernely sudden, and the animal died before anotliei' supple- 
ment could be gh'eu. Aftei- 3 to 4 AA’etdfs on the ribollaAUii 
deficient ration, pups 14 and 13 exliiljited acute deficiency 


TABLE 1 





= Basal — J\fn'i(l<snar. 



NO. 

PAYS UN 
KXP’T. 

WEIOHT nEMOOr.OHlN H lAM.ATOt’UlT fi.B.C. 



h'f) 

(m Vr 


}jcr /'/n'i 


1 

l.HO 

8.99 

26.9 



HI 

1.S9 

9.26 

22.li 

7.17 


49 

22 

6.86 

17.0 

4.66 


4!) PiU 

o mg' pyridoxiiu* orally aiul sturtod (1.2 

lug pyridoxiiip 


por ]0(1 

ration 




nn 

2.62 

10.90 

64.0 

9.0 


1 

1 .on 

7.3o 

60.8 



HI 

J.78 

8.21 

17.0 

6.67 


49 

2.09 

O.60 

12.6 

4,22 


02 

diod 




2S 

1 

2.96 

14.16 

42.0 

10.11 


1)9 

2.11 

14.67 

46.8 

10.66 


im 

6.20 

10.89 

67.0 

1 0.22 


start 

0.20 mg 

pvridoxiiio por l((o gm 

ration 



121 

;;.66 

ln.48 

64.2 

10.94 

Av. of 

-19 

2. 89 

1 1 .80 

6;) 

8.70 

4 {uipa oil 

7(1 

2,0 6 

12.49 

4(10 

9.24 

L'011I]>]olo 

bnsnl 

98 

4.07 

14.66 

42.4 

9.60 


symptoms eliaracterized by muscular Aveakness folloAA’od by 
clonic spasms and coma. Pup 13 Avas fed 1 dose of 5 mg ribo- 
llaAnn orally and pup 14 recehmd 5 mg orally and 1.2o mg 
intraAumously. Within 2 hours the animals, regained muscular 
control and consciousness. A normal gain in body AV'eigbt 
ff>lloAved. Three Aveeks later' groAAdh in both animals Avas re- 
tarded, o])acity of the lens and diminution of yiigment pi'o- 
duction in the undei-fnr and guard hair Avas noted. Therapy 



K14 A, K. sc}rAii:FEn and oT.riEiDS 

('oiisisliiig* of 0 . 1:20 iui>’ and 0.l25l) mg' i-ihoHaviii per 100 gni ot 
J’alion foi* i^ups LI and 14, respcudivoly, was initiated wluni 
tin* lirst signs of innscmlar AvoalciK^ss \vere noted. Both aniinaLs 
gained Aveigiit raindly; liowevor, afto)' a period of 9 weeks 
Ldlowing tln^ daily siipplenientation of tin? ration with ribo~ 



i i;;'. li t(l wild immI iox pups lo uiul .14 wliich dcvcdojMMi a riltulla\iij dcdici- 

«Mjrv a!id tli-.Ui Ivrriwd i.Me.'i and 0.25(1 riboflavin, rt*s})c<:Uv<‘jy, yov 300 .i»m 
id )'ali(*n. I'l-il nil 1ih‘ 1 ‘i^'lit is tliat ot; a ivd I'ox luip. roiadvinj^ tlio I'omplido basal 
ranou siippInMn.'nti'd wiili liviw, (Xntn tho wlulv undorfur nii pnlts .Id and 14). 

davin, pup 14, wliidi r(M*(‘!v(.‘(l 0.110 mg, W(.n’g*hed 740 gm mor(‘ 
tliaii imp L!, 

Tiu‘ l;H!k <il' jiruiKM- itigiuuiitHlioji ot' Ihe fur coiitinuod, and 
(> lo 7 weeks ai'li'v ]‘il)ollaviu tl)era])Y wuis initiated tlie underfur 
and M'uard liair were wliilc-. Pi.aineutation of tlie gnai-d Jiair 
.uradiially relumed aud was approaehini)' iionnal, wliereas the 
uiiih'riur was slid wliite Aviiou the pups wore pelted (iig. 2). 
The sym])t(nus, such as loss in weight, muscular weakness, 
coma aud opa<-ily of ilie lens were similar lo tiiose olisco'vcd 
in riiiodaviu deficient dogs (Potter et al., ’42). 
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Pduiofln'uic fit'ifi 

Five ]>ui>s, 4 i*(.mI mihI 1 ^ilviux were j>laec(l on tiu* Inisn! rntioii 
minus {*nl(MUin ])<nitot.lu‘mit(‘. ATUn* 2 to l\ we(‘ks mi (xxiM.o'i- 
UBUit i;‘r(nvth of llie pups <' 0 c 1 S(mI allhoiit^ii IVxhI <'onsu!U])tion 
i-imiaimxl {un’mal. Failure was <‘xtr(mieJy siuldtm in pii[)s 11. 
and .1:2 and death ri‘sult(‘d when ila* animals had Immmi on ew- 
p(‘rinieii! Tor lU) and :27 days, r(‘sp(‘cli vely. Wlnni ])np :]i) had 
IxMMi on (^xperinnuil for IS days and a derinii(‘ loss in body 
wei^iit was e\'iden1, the ration was siijipltmnmhal with 0.20 in»^‘ 
eahduni pantothenate p(‘r 100 ^‘in ration. The i»'ain in hfidy 
W(d^.»‘lit was rajiid tor S \NX*eks; however, failuia^ was snddeii 
ami tl.ie animal died l)id'or(^ additional th(M*a[»y eould lie i>'iv{.‘n. 

l.Oi}) Iti i'es]>omled om-e to <'aleiinn. ]iant<)thenate whim in a 
mild state of delieicmey. Ijatcn* the moia^ si.‘V(n*e foTOU Ava> 
alIow(Hl to devidop, xvliieh was <diai*a<derized hy a deep eoina. 
Jntravenoiis injeetion of a solution of (adeiimi j)antothenat(a 
yhieose and saline resulted in relief from the coma in 1 hour: 
how(‘V(‘r, the ]>up was found dea<l the following* inoriiiny. 
ihip 2!k as showm in lii*‘nr(^ 1, afttn* responding d times to 
(*ah*inin ]»anlothenat<^ th(‘ra[)y was allowed to devedop a s(‘V(*n* 
(hdi{M(‘m'y whi(di was eharaet(M-i^iMl by eloiiic sj)asnis and tlii> 
('ondition was followed hy (amia. A solution of ('aleinni {.lanto- 
1h(M!at<‘, glm*os<‘ and salim^ was injeeted intravenously, and oO 
ininnt(^s aftei‘ tli(*i‘apy tlie pu]) liad reooYei‘od fi*oin tin* t‘oina 
ami was imnning about the (*age. A significant inci'ease in 
liody w<dgiit folhiwed. 

Necropsies performed on all pu]»s immediately aftoi* d(‘atli 
r(‘V(*aIed fatty degeneration of the liver, eataiu'lml gastim- 
enteritis, and <doudy swelling and congestion of the kidneys. 
The defieieucy syniptoins, the dramatic I'esponse to pmit()- 
thenic acid, and the results of macroscopic patliological ex- 
amination of ]ju])s whicli died of the deficiency wci'o similar 
to those observcxl in dogs (ScbaefVu* et ah, ’42a). The prelim- 
inary r(*sn]{s ol)tain(*d with pup dO indicates that the r(*quirt^- 
meat for pant()tli(*nic acid is g!‘t‘ater tlian (125 mg jier lt)d gm 
ration. 
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Xidcin 

Silvor iKKs. 17, ItS and 211 I’ereivod l!io basal ration 

niinns niariii aial falir aeiil. Witiiin 2 weeks anorexia was 
apjiaiaait ainl tla^ i)U])s failed 1o ^ain wei;L>‘bt. Tlie administra- 
tion of a to do m,i»' iiiac'in resnlUnl in resuinplion oi growth. 
I>uring tli(‘ first a wrecks on (rxpcn'inieut ])up IS (fig*. 1) devcd- 
d delieitmeies with subsequent res])onsos to niaein. The 
ration was IIkoi supplcnuniicMl with 0.1 mg folic acid per 100 
gm rati<»n and 4 nioi’e d(*fici(*n(n't\s, with snbs(‘(]uent la^sponse 
to single dosag(‘s of varying levels of niaein, were obtained. 

A 11 ( 0 * d deliei(‘n(w and tr(‘atm(‘nt pei'iods, dni'ing tlie first (! 
wc^eks OH (‘XptM'inuMit, tii(‘ ration for pup 17 was siipphnuented 
with folic add. i )n<^ wi^ek later loss in ))ody weight was evident 
and Ilu‘ oral achijinisti-ation of d(> mg luaein failed to alleviate 
th(‘ d(‘li(‘ieii(*y. Tlu* siibsinpient f(HMling of 70 gm fi'Osli liver 
])rodn(.*ed a ra])id gain in body weight. 

Pup dd during the Hrst 4 weeks on experiment <l(welopO(l 2 
delidend(‘s with sul)s(‘(ineii1 responses to niaein. The ration 
was tli(Mi snppl<‘nHni1(H] witli folic acid. Aftin* 2 additional 
de{iei(‘nci(‘s aiid r(*s])()ns('s to niacin th(‘ animal lost weight 
rapidly. Th(‘ oral administration of <S(> mg niacin, 2 mg folic 
ad<l, 10 times 1li(‘ daily siipplimnnit of the reinaimhn* of th(‘ 
lb('()injd‘x and th(‘ iiitranuiscnlar injection of dO mg nicotin- 
amid(% fail(‘d to ('on'(‘ct tlii^ dcHcieiuw and the animal dic‘d. 
Tlu* failure of tli<‘ animals to r(‘S])oud to niacin after r(q)eat(Ml 
defi('i( nici(‘s, and iIk* ra[)id response to fresh liver is very simi- 
lar 1o thi‘ i‘(‘snlts oldaiiKMl with dogs given the same t!*(‘atmeiit 
( bAn\gaimn* o] ah, '47). 

Typical hlacktongiu^ symptoms noted in dogs (Scliaefoi' et 
ah, '4dh) siuTi as loss in weight, ano]*exia, inflaiurnation of the 
giuns, jjalatiiH.* redness, and diarrhea Avore noted in the foxes 
■wh{‘r(‘ a s(‘vei*(‘ deficiency was allowed to develo]>. The reqnire- 
numi toi* iiicotinie acid as calculated l)y single dose fecalings 
lor growing ])Ups vari(‘d greatly among assays with the same 
I nip and among ]jups (range ol O.d!) to 2.0 mg pen* kg bodv wt. 
|)f*r da\ ). 



A'lTAMIN B COMPLEX IS FOX SITTniTlOXT 


137 


Pyridoxinc 

Silver pups 24 and 25 and red pup 28 were placed on the 
basal ration minus pyridoxine. Five ml blood samples were 
collected from the radial vein at selected intervals. Hemo- 
globin determinations were done according to the method of 
Evelyn { ’36) ; hematocrit readings were obtained with Win- 
trobe tubes. Blood analyses are given in table 1. Anorexia 
and arrest in growth occurred in pups 24 and 25 after being 
on experiment for 5 weeks. 2.5 mg pyridoxine were admin- 
istered orally and the animals gained weight for 3 weeks. At 
this time the animals again developed anorexia, appeared 
listless and were anemic. Hemoglobin values were 6.86 and 
5.6 gm % for pups 24 and 25, respectively, as compared to 11.8 
gm % for animals receiving tlie complete basal ration. Pup 
25 was in a comatose state when pyridoxine therapy was 
started and failed to recover. The oral feeding of 3 mg py- 
ridoxine and supplementation of the ration thereafter with 
0.2 mg per 100 gm to pup 24 resulted in a rapid response in 
grovdh and alleviation of the anemia. The animal was killed 
accidentally before it could be determined whether complete 
remission of the anemia would result from continued pyri- 
doxine tlierapy. 

Pup 28 wa.s approximately 20 weeks of age when placed on 
experiment. The body weight curve showed a plateau and 
after 17 weeks on exjieriment the hemoglobin level dropped 
from 14.67 to 10.89 gm %. At this time the lution was supple- 
mented with 0.20 mg jiyridoxine per 100 gm ration. Hemo- 
globin was increased to 15.48 gm % ; however, no significant 
increase in body weight was noted. 

DISCUSSION 

From these experiments it is evident that fox pups require 
riboflavin, pantothenic acid, niacin and pyridoxine. The de- 
ficiency symptoms observed when 1 of the above vitamins is 
omitted from the ration closely resemble those reported in 
similar studies with dogs (Potter et ah, ’42; Schaefer et ah, 
’42a, b; McKibbin et al., ’42). The rapidity with which the 
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(leficdi'iicifs d(*veloi), especially of viboflavia, paiitotlieiiic acid 
01 - niacin, is veiy striking and onipTiasizcs the importance of 
insmang ad('qnale (piantities of these vitamins in rations for 
growing fox lapts. 

Althongli oiu‘ (‘xperinnmts were not desigiusl to study the 
exact recjuirements of fox pups for the a]>ove vitamins, the 
following inininunn and maximum levels may be suggested for 
future work ; Kihofhivin — greater than 0.1'2rj mg and loss than 
0.4 mg per 100 gni of ration (0.2 mg for the dog). Pantothenic 
acid — greater than ().2b mg and less than 1.5 mg per 100 gin 
of ration (0.20 mg for the dog). Niacin — O.OO mg to 2.0 mg 
per kg of body weight, per day (0.25 mg to 0.30 mg for the dog) 
as calculated from single dose feeding. Pyridoxine — loss than 
0.20 mg })er 100 gm of ration (0.12 mg for the dog). 

The changes occurring in the pigmentation of the fur of 
the foxes on the riboflavin experiment are of extreme interest. 
This diminution of red color may lun^’e been due to riboflavin 
and in part or entirely to the lack of nnkuown factors supplied 
by liver, since a depigmentation of the undevfur has been oli- 
.served in silver fox pups receiving the complete basal ration 
(Scbai'fer ot ah, ’47). The quality of the fur was not affected. 


RUMMABY 

The inqioriauco of riboflavin, pantothenic acid, niacin and 
[lyridoxhie in the rations for growing fox pups has been clearly 
estahli.shed. The deficiency synqjtoms when 1 of the above 
vitamins is missing from the ration closely resemble those 
olismwed in dogs. Tlie rate with which the deficiencies develop 
is as rapid, and in mmierous instances even more rapid, in fox 
jjups tlian in dogs. 


A C KNOWL E I Kill ENTS 

1\ (' wish to acknowledge our indebtedness to Merck and 
Company, Railway, N. J., for the crystalline vitamins; and 
to Lederle Labovatori<‘s, Inc., Pearl River, N. Y., for the 
syiitlietie folic acid. 
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IN INFANT RATS^ 
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TWO PICfUKES 

(Deceived for publication May 5, 1947) 


Several investigators have shown that yonng rats grow to 
maturity at a rapid rate and bear litters when fed a synthetic 
ration containing vitamins A and D, alpha tocopherol, thia- 
mine, riboflavin, pyridosine, pantothenic acid, niacin and 
choline. The diets in some cases (Eichardson, Long and 
Hogan, ’42 ; Eichardson and Hogan, ’46 ; Climenko and Me- 
Chesney, ’42 j Brshoff, ’46) contained 2-methyl-l,4-naplitho- 
quinone. In other cases (Jnkes, ’40; Hnna, ’40; Henderson 
et ah, ’42 ; Vinson and Cereeedo, ’44) this compound was not 
added to the diet but the vitamin probably was supplied by 
some constituent such as corn oil or cottonseed oil, or by 
bacterial synthesis in the digestive tract of the mother. 

Synthesis of vitamin K in the intestinal tract of the rat has 
been demonstrated by several investigators. Greaves (’39) has 
reported a decrease in blood prothrombin and a prolonged 
bleeding time in rats with bile fistulas. Oral administration of 
large amounts of vitamin K concentrates or smaller amounts 
combined with bile salts restored clotting time to normal. 
Black et al. (’42), Day et al. (’43), and Koimberg et al. (’44) 
observed a high incidence of .severe hA’popi-othrorabinemia in 

^Authorized for publication as Technical Article no, 1039 of the Texas Agri- 
eultur«al Experiment Station. 
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rats receiving diets that contained sulfonamide.s to prevent 
sufficient intestinal synthesis of vitamin K. When the vita- 
min K was fed with sulfonamide the hypoprothrombinemia 
did not develop. These data indicate that vitamin K acts in 
rats as it does in other animals to maintain a normal pro- 
thrombin level in the blood. The Syrian hamster requires 
(ITamilton aud Hogan, ’44) vitamin K for a normal rate of 
growth and presumably for normal reproduction. Moore et al. 
{ ’42) fountl a low Y>rothrombin level in the blood of pregnant 
rabbits that had received diets deficient in vitamin K. These 
females aborted at the end of the first trimester of gnstation. 

Some ijivestigatious have been carried mrt in this laboratory 
tluring the past year on the relation of the diet of the mother 
to almormalities in the offspring. A high incidence of brain 
hemorrhage has occurred in the offspring of mothers which 
received a synthetic diet deficient in vitamin K and low in fat. 
Some of the observations on this abnormality are described in 
this report. 

EXPERIMENTAL 

The composition of the basal diet of the mothers is given 
in fable 1. This diet contains all the recognized vitamins with 
the exception of vitamin C and pteioylglutamie acid, and it 
has b(’en roasonaldy satisfactory in reproduction studios ovei- 


TAfinn l 

Compomfion of dasal diet. 


OaKwii 

{}ht 

Titfunim pt'r lOO f/in 

25 

Vitamin A 

3000 I.F. 

<.\*rplose 

57 

Vitamin I) 

425 I.TT. 

Woodpulp 

<"> 

Alpha tocopherol ^ 

2.5 nig 

Balt, mixture ‘ 

5 

Menadione ^ 

2.5 mg 

Lard 


Thiamine ^ 

1.0 

Llioliiie ^ 

n.i 

Eihoflaviu ^ 

1 .0 m^ 

Inositol ^ 
p*Ainiiiobeiizoi{- 

o.ni 

Pyridoxine ^ 

Calcium pantothenate ^ 

1.0 mg 

4.0 mg 

add ^ 

0.05 

Niacin ^ 

.5.0 mg 



Biotin 1 

0.02 ni^ 

Sui.iiliwl l,y Minvk iinil Ritlnvay 

RicliarilHim anil llnirati 

. N. .1. 
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a i>eriod of several years. Vitamins A and D wei’o supplied by 
percomorpb oil.^ Lard and vitamin K were tlie only variable 
constituents of the experimental diets. The amounts of these 
constituents in the different diets and the observations on the 
young of the females which i-eceived the diets are summariKed 
in table 2. Tlie females in group 1 received the basal diet, 
dii't A, which contains both lard and vitamin K. Those in 
gi'oup 2 received diet B which contains vitamin K but no lard. 
Tliose in group 3 received diet 0 which contains lard but no 
vitamin K, and those in group 4 received diet D which con- 
tains neither lard nor vitamin K. 

TABLE 2 

JlvlaiUm of the ilieA of the mother to hmin 
hemorrhages is infant rats. 


VARIABLE YOUNO 


<}R.orp 

NO. 

DIET 

NO. 

CONSTITUENTS 

Born 

Plemorrhagie 

brains 

Wenned 

Lard Titainin K ^ 



mg/100 fjm 

No. 

No. 


No. 


1 

A 

10 2.5 

167 

0 

0 

80 

53.2 

2 

B 

2.5 

142 

0 

0 

40 

34.5 


C 

10 

63 

0 

0 

31 

49.2 

4 

D 


157 

82 

52.2 

18 

11.4 


^ ,4-NapIithoqimione. 


Female rats wmre given either diet A or diet C at 28 days 
of age and continued on the same diet until they weighed 175 
to 200 gm. At this time they were either continued on the same 
diet or transferred to another experimental diet and mated 
with a male from the stock colony. The females which were 
transferred to diet B had been reared on diet A and those 
which were transferred to diet D had been reared on diet C. 

Diet of mother and brain hemorrhages. When the diet con- 
tained both lard and vitamin K (group 1) the offspring were 
normal and 89 out of 167 (53.2%) were weaned. Likewise the 
offspring were normal wlien the diet of the mother contained 
either vitamin Iv (group 2) or lard (group 3) separately, 

"Alpad, Jolmson and Company. 
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but a liigiior {MO'ceiilago ol’ tlie yoiing was weaned when the 
diet eoiifained lard witJioiit vitamin K than was Aveaned when 
it coiitained vitamin K Avithout lard. There Avas a high inci- 
denee nt‘ lirain lioniorrhages in the otTspring of females 
(group 4) Avliic'h received neither lard nor vitamin Iv. Brain 
Inmiorrhages occurred in 82 out of 157 (52.2%) of the young 
ami only 18 AAn;rc weaned. 

Incidence of brain hcniorrha/fes. The observations on the 
young Avhich are gmen in gi'oup 4 of table 2 liaA'e been re- 
aiTungedin table 3 to shoAv the incidence of brain hemorrhages 
in the first litters as compai’ed to that in subsequent litters. 


TABBE 3 

Tiirifh'/irr of brain, hemorrlmgp.^ in first as compared 
to subsequent Jitters. 


iiKOT’P 

^’0. 

IlIBT 

NO. 

NO. OF 
Ff-.JfATjES 

TJTTEU 

RE()rKNOE 

ROUN 

young 

HEMOKRTIAOIO 

I3R.\TNS 

^v^:ANl■D 





Ko. 

No. ‘ 

% 

No. 


4ti. 

T) 

6 

1 

3S 

17 

44,7 

4 

10.5 

4]) 

1) 


1 

58 

20 

34.5 

14 

24.1 




2 to f) 

61 

45 

73.7 

0 

0 


c* 

0 

2 to 4 

29 

0 

0 

17 

58.6 


Baiiic fciiinh’.s tis dosurilied in 4a. After a female had borne 1 litter, she ■\vas 
iraii.sferred to rli('t C whi(;li eojitaiiied lard but no vitamin K. 


The (i females in group 4a A\mre each alloAved to produce 1 litter 
on diet B. A total of 38 young Avere born in the first litters 
and 17 (44.7%) doAudoped severe brain hemorrhages. Only 4 
(10.5%) wore weaned. The females (group 4ac) avoj’o then 
transt erred to diet C aud alloAved to bear additional litters 
until it Avas evident that no more young \Amuld he born. A 
total of 29 young wore hoim in subsequent litters aiid none 
were hemorrhagic. Seventeen out of the 29 (58.6%) Avere 
AA'eanecl. The addition of lard to the diet decreased the inci- 
denee of brain hemorrhages to zca’o and increased the per cent 
of young Aveaned. 

The 12 females in group. 41) received diet D from the time 
they Avere mated until the ohsorvatious AA^ere discontinued. A 
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total of 58 young- weve born in the first litters. Severe lieuior- 
rliages occurred in 20 (34.5% ), and 14 young (24.1%) ivere 
weaned. Tbe same females produced 61 young in subsequent 
litters and brain hemorrhages occurred in 45 (73.7%) and 
none were weaned. Although brain hemorihages constituted 
the most characteristic abuoi'inality, heinorrliages occurred 
also in the body cavity in a few young. 

TT7/o/c blood coaguJafioii iUue. The coagulation time of 
Idood of 12 mothers which ]jrodnced hemori-hagic young and 
of 6 young with visible hemorrhages in the brain Avas deter- 
mined by Duke’s capillary tube method. It ranged from 60 
to 120 seconds in both the mothers and the young and is 
considered normal since it did not dilTci- from that of rats 
in the stock colony. 

Since l)oth lard and vitamin K in the diet of the mother 
protect the young from hemorrhages, it seemed desirable to 
test the vitamin K activity of lard with chicks. Day old New 
Hanqishire Red chicks were used in these tests and the ex- 
perimental ]iei-iod Avas 2 Aveeks. The basal diet was similar 
to that described by Richardson, Hogan and Karrasch (’42). 
Dteroylglutamie acid Avas supplied by 10%> of ether-extracted 
dried brewers’ yeast. The average coagulation times of blood 
of chicks Avhich received diets containing different amounts 
of lard with and AV'ithout vitamin K for 2 Aveeks are sum- 
marized in table 4. When the diet contained A'itainin K (groups 


TABLE i 

Jrn'iU/r eodgulalion timr of hlooH of elvicl'S recevvlng difl.s that ronfain 
(lijfcronf (momit.s of lard with and. wilhnut vilamin K. 


ORori' 


VITAMIN' K 

C'OAOULATIUN 1 

riME ^ 

NO. 


No. of I'hifks 

^Wn. 

1 C 

10 

ilia /it 00 (jh\ 

2.0 

5 


2 

0 

2.5 

,4 


C 

0 

0 

4 

30 plus 

4 0 

D 

0 

4 

30 plus 

5C 

10 

0 

4 


r>c 

20 

0 

4 

24 


^ ExpDrimDDta] period — 2 weeks. 
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K' and :i(') llii‘ whole hloocl eong'ulatioii time waf> Jioriiial 
i-eganilcHs of wlicihei' or not the diet eoiitaiii<?d lard. When 
llie diet did Jiol eoutahi vitamin K (groups 30, 40, 50 and 
(10) (lie AvJiule itlood coagulation time was prolonged regard- 
less ol' <h(‘ ainoiiid of lard presemt. However, it was longer 
ill I III' groups which received no lard (group 30) and only 
of lard (group 4(') than in groups 50 and 60 Avhioh re- 
ceived 10 and 20Ve of lard, res]tectively. These tests show 
that lard, when fed to ehicks, supplies a small hnt insignilieant 
amount of vitamin K. This small amount might he suflieient 
when led 1o rats at a level of lOO to meet the rocinirement 
for reproduction under normal conditions. However, wo do nut 
believe that this explanation is entii'ely adeipiate, in view of 
the fact that the whole blood eoagnlation time of hemorrhagic 
rats is nonnal. If the reports hy Black et ah (’42), Hay et al. 
(’43), and Kornhei’g et al. (’44) tliat a prolonged coagulation 
time and a hypo])vothromhinemia are typical of a vitamin K 
ilelieieney are correct, these data suggest that brain Jionmr- 
rhages are not due entirely to a deficiency of this vitamin. A 
possible ex];»lanation of this disere]iancy would he that some 
substance is pi-oduced in the body under normal conditions 
whieli maintains nonnal eapiliary fragility. This substance 
is not syntliesized when the diet is low iii fat and defieient in 
vitamin Iv at the same time. 

Aifc (it I'Ji'dtli. The ago at wliicli the infant rats died with 
lirain hemorrliage is shown in table 5. Most of the young 
whieh died witli brain hemorrhages were either horn dead or 
died within 24 hours after hirtli. The hemorrhages were 


tablk 

J//'- at flea Hi of rats trlih hrmorrliagia hraitts. 


.1 </»’ in ihofs 

A'o. i)i rafs 

TJirth 

CtO 

1 

45 

2 to n 

B 

.s to 11 

5 

Mlol.S 

4 

20 to 21 

B 
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visible in ii few young* while they were still living, l)n1 deatli 
always oeciirred within a few hours when the jnnnorrliag(‘s 
l>oeanie visilhe in living yoiiug that were less than ij days old. 
The larger rats usually became unstable 2 to days l)efore 
death and in a few eases a dark area was visible nnderneath 
the skull, liivery rat which devolo])ed tlies(‘ synijdonis was 
autopsied at deatii and brain beiuorrhagos liad occurred in 
every case. Ileinorrhago occurred after tln^ hftli day only in 
iirst litters. 

Til a sec'ond test brain liemorrliages d(‘V(dop(‘d in only 10 
out of 72 young wliich were born to 8 f(‘nia](\>. The iiicideiioe 
of liraiu liemorrliages wUvS about the same in the Iirst us it Avas 
in the second litters. So far Ave are unable to accMnmt for 
the loAV incidence of hemorrhages in tins series. 



F.ig*. 1 Xonuiil and iK'iiinrrhagic- braiiiH. (A) Day-old rats. (B) Twnity-one- 
day-old ]‘ats. 
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i’lioto, graphs ol‘ lla- brains ol' a normal and of bomorrliagie 
rals 1 day and 21 days old aro sliown in figure 1. ilicrophoto- 
grajdis ■' of s(*etions of a normal and of a liomorrbagic brain 
are sliown in figure 2. Largo areas of blood in the iissnes are 
visible in fli(> liemorrliagic brain. In the preparation of the 
slid(*K for tile mierojibolograyths the tissue was fixed and 



-utaicinei in bourn s hxative and stained by Lillie’s modi- 

iK'iiliou ot .Ahiss{)]i\s ti'iclii'oiiio ^staiii. 

Ur.i>u>is of Iraiu linoorrliages hy ofhrr irorh-rs. Brain 
lemoir lage.s m infant laits have been reported previonslv hr 
-- groups of workm-s. Moore et al. (’27) repoided b'raiii 
l'‘‘»»"'>-liages in a few of the young born to females whieh 
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liad been reared and allowed to bear young on a synthetic 
diet that contained 2% of dried yeast as the only source of 
the water-soluble vitamins. The diet contained 3% of hydro- 
genated cottonseed oil ^ as a source of fat. The hemorrhages 
were thought to be due to a low level of vitamin B because 
they did not occur wlieu the yeast was increased to 7%. Jervis 
(’42) reported the occurrence of brain hemorrliages in infant 
rats from mothers who were fed a synthetic diet deficient in 
choline. Three females received the experimental diet which 
contained 10% hydrogenated cottonseed oil and each female 
received a daily supplement of 100 ijg each of thiamine, pyri- 
doxine, riboflavin and calcium pantothenate and 6 mg of 
niacin. The 2 control females received essentially the same 
diet with 100 mg of choline added to each 100 gm of the diet. 
The young from the mothers on the choline deficient diet 
ceased to grow at the tenth to twelfth day and 50% of them 
died with severe nervous symptoms. Extensive hemorrhagic 
lesions of the cerebellum were the most characteristic al)- 
normality found on histological examination of the nervous 
system of 5 young which exhibited the very severe nervou.s 
symptoms. Vitamin K was not included in the diet of tlie 
females described in either of these reports and b:;th investi- 
gations used hydrogenated cottonseed oil ' as the source of 
fat. 'We are investigating the effect of this particular fat on 
tlie production of brain hemorrhages at the present time, but 
it seems very probable that the hemorrhages described in the 
previous reports, as well as those described here, are duo to 
the same deficiency. 

SUMMARY 

Female rats were reared to maturity on a synthetic diet 
that was deficient in vitamin Tv. If lard was removed from 
their diet and the females allowed to bear litters, a high in- 
cidence of brain hemorrhages occurred in the offspring. The 
hemorrhages did not occur when the diet contained either 
lard or vitamin K. 


* Criseo, 
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The incidenco of hemorrhage in first litters was 34.5 to 
44.17% and in subsequent litters, 73.7%. 

Most of the young’ that died with brain hemorrhages were 
either born dead or died within 24 hours after birth. A few 
young in the first litters developed hemorrhages between the 
(deventh and twenty-first days. 

The whole l)lood coagulation time of females which pro- 
duced hemorrhagic young and of young with visible hemor- 
rliages was normal. This shows that the prothrombin level 
was not abnormally low and it is suggested that some suli- 
stance wliich acts normally to maintain capillary strength 
is not syntliesized by the body when the diet is low in fat and 
deficient in vitamin Iv. An assay with chicks shows that lard 
may contain a small but insigiiificant amount of vitamin K. 
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AVAILABILITY OF CABOTENE FROM CARROTS 
AND FURTHER OBSERVATIONS ON HUMAN 
REQUIREMENTS FOR VITARIIN A AND 
CAROTENE ^ 

ELIZABETH CROFTS CALLISON AND ELSA ORENT-KEILES 

Bureau of Human Nntrilion and Home Bconomicif, Agricultural Jiciumrch 
Adminiutrafion, IB jS'. Department of Agriculiurc, 

Wa.dhington^ T), (\ 

(Keeeived for piililicatioii April 17, 1947) 

Cari'ots occupy a unique place among the vegetables as 
a potential contributor to the vitamin A value of the Intinau 
diet in the United States not only because they have by far 
the highest carotene content of any food commonly eaten 
by man (U. S. Bureau of Human Nutrition and Home Eco- 
nomics, ’45), but also because they are consumed in larg'e 
quantities (U. S. Bureau of Human Nutrition and Horae 
Economics and National Research thuneil, ’44). However, 
there is evidence that the ability of the human body to 
absorb and utilize the large amounts of carotene present in 
carrots is very limited (Eekelen and Pannevis, ’38; Kreula 
and Virtaneu, ’39; Lister Institute and Medical Research 
Council, Vitamin A Sub-committee of the Accessory Food 
Factors Committee, ’45). 

Employing the dark adaptation reaction as a criterion of 
the vitamin A status of the individual, Booher and Callisou 
(’39) and Boohei’, Callisou and Hewston (’39) in this labora- 
tory have established a procedure for measuring the degree 
of irtilization of vitamin A by man and liave determined the 

^ This research was supported by an allotment made by the Secretary of 
Agriculture from Special Research Funds (Bankhead- Jones x\ct of June 29, 1935), 
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luinian requirements for vitamin A when the sources were 
cod liver oil, ciystalliiie carotene in cottonseed oil, frozen 
spinach or fi-ozen peas. This report presents the results of 
an investigation on the utilization of carotene from carrots 
hy the human body. 


EXPER] MENTAL 

Tile same ]ilan of experiment and basal vitamin A-deficicnt 
diet described in detail in the previous papers (Booher and 
CallisoH, ’39; Booher, Callison and Hewston, ’39) were used 
in those experiments. Four young adults, whose physical 
characteristics are summarized in table 1, subsisted for 

TABLE 1 

Physical char act erislics of suhjecis. 


VISUAL THRESHOLDS EXPRESSED IN 


.subject 

NUJIRER, 
SEX, 
Ar«E TN 
YEARS 

irEKlHT 

IN 

DM 

WRKHTT 

IN 

KD 

TIME 



LOO LAMBERT 



FOE 

DEPLETION 
( [’ERIOD 1 ) 

Before (li‘]jletion 
Dark adai»ted 

After {lepletion 
Dark adapted 

After reeovery 
with carrots 
Dark adauted 


6 min. 

80 min. 

6 min. 

80 min. 

0 min 

. 80 min. 


17)1.7 

57.9 

12 + 92 ' 

5.76 

2.97 

6.22 

3.64 

5.95 

3.05 


179.1 

8(b0 

176 

5.7S 

:i.i7 

5.72 

3.73 

5.72 

3,21 


197 J) 

57.5 

1.54 

5.64 

2,95 

6.20 

3.65 

5.75 

3.05 

a-F -21 

IfiO.O 

5t>.1 

(‘.0 

5.96 

8.08 

6^20 

3.47 

5.60 

3.10 


* Dejiletioii poriod interrupted for approximately 4 weeks by appendectomy. 


periods of from 7 months to 1 year on the basal diet deficient 
in vitamin A value but adequate in calories, minerals and all 
other known nutrients. The daily intake of vitamin A from 
this diet averaged from 70 to 80 I.U. and consisted entirely of 
vegetable carotenoids present in small amounts in some of the 
fruits and vegetables. 

Bark adaptation tests were made at frequent intervals by 
means of the Hecht-Slilaer visual adaptometer. When the 
visual threshold after 30 minutes dark adaptation following a 
standardized exposure to light had increased to a value of 
0.5 to 0.7 log unit above the subject’s nonnal average thres- 
liold, the daily inclusion in the diet of carrots in "weighed 
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amounts was begun. An amount of carrots calculated, on the 
basis of previous experience, to be not quite adequate for 
the restoration of normal vision was given. When no furthei’ 
improvement in dark adaptation from this subminhnal dose 
was apparent, the size of the carrot supplement was changed 
by a small increment. This procedure Avas relocated until a 
daily intake of carrots was reached AA'hieli sufficed to restore 
dark adaptation to normal and maintain it so over a 2-\veek 
period. 

In order, also, to determine the effect of the degree of cook- 
ing upon the aAmilability of the vegetable carotene to the 
orgaiiism, the Autamin A requirement of each subject Avas 
determined tAvice, once AA’lien the carrots AAmre fed quick- 
frozen AAuth no preparation other than thaAving, and again 
after the thaAved carrots had been cooked in a pressure sauce- 
pan by a standard method. The subjects Avere depleted of 
their Autamin A reserves a second time, prior to feeding the 
cooked carrots. 

One lot of market carrots was quick-frozen for this purpose 
according to the method described by Tressler and Evers 
(’43) and stored at a temperature of — 40°C. Portions AA^ere 
removed daily as required by the e.xperimental subjects dui’- 
ing the supplementation periods. From each portion so 
removed, an aliquot aa’us reserved for parallel chemical and 
biological determinations of carotene content and \fftainin A 
A'alue. The daily aliquots of the cooked and uncooked carrots 
for each of the 4 subjects were pooled sepai’ately for the 
carotene assay. 

Biological assay 

Because of the structure of carrots, the problem of ob- 
taining ti’uly representative small samples, such as are used 
in bioassay, is unusually difficult. The complexities are in- 
creased AAdien a chemical analysis of a similar sample is 
desired. The procedure finally adopted in this study con- 
sisted of cutting from a carrot slice a Avedge-shaped piece to 
be fed to the experimental animal. Thus the .same pi-opor- 
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lion of io cortex was present in tlio piece as in the 

Avliole slice. Tlie i-emaimler of the slice "was preserved for 
(• lien li cal analysis by storing at — 40° G. The Ihoassays were 
cotulncted essentially according to the procedure outlined in 
llic r. S. Pliarinacopocia (Twelfth ed.), 108 animals being 
used, (,'rystalline (l-caroioiKr in cotlonsced oil was employed 
as the standard, since it has been found that the U.S.P. ref- 
erence cod liver oil no. 2 is unsuitable for use as a standard 
of reference (Gallison and Orent-Keiles,’ 45). 

Cheiiiiaal aiialijsifi 

The ])oole(l arujnots of carrots, 1 cooked and 1 uncooked for 
each subject, were extracted according to the method of 
Moore and Ely (’41). The extracts rvere chromatographed on 
a 1 : 2 mixture of magnesium oxide ■’* and Hyflo Supercel. The 
a- and (3-caroteno fractions were eluted separately with puri- 
tied petroleum ether, fraction P, and absorption of each frac- 
tion was determined at 450 mg, using a Golemaii s]metro- 
lihotometer, ]\Iodel lO-S. The amount of a- or 3-carotene pres- 
ent in its respective fraction was calculated from a standard 
3-carotene curve obtained on the same instrument. The stand- 
ard 3-'earot<‘ne curve was used in estimating both ot- and 
3-curotene, since Zscbeile, Wbite, Beadle and Eoach (’42) 
have shoAvn that 11 le absorption coefficients at 450 mg are 
practically identical for those 2 isomers. Tlie hands at the 
top of the magnesia column, which amounted to only 4% 
of the lolal carotenoids, were not investigated further. 

XUdSULTS AND DISCUSSION 

The time re(iiured for the first depletion of these subjects 
ranpnl from 2 to 6 months, reflecting the great individual 
viiriatio]! hi vitamin A reserves that had been observed in 
previous e.xperimeiits in this laboratory. The second deple- 

“ /3-('aruti‘JU'. 

"K. H. Good TOijrent, (pstfd in this laboratory for ability to givo }^ooi[ separa- 
tion ai»(l rcH-overy of a- and /3-earoteiic. 
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tion period was mucli shorter and more uniform. In every 
case the seotopie visual threshold began to rise as soon as the 
carrot supplement was discontinued and within 13 to 16 
days had reached a level 0.5 to 0.7 log units above the subject’s 
normal average threshold. At this time feeding of the second 
carrot supplement was begun. Both periods of depletion were 
in progress during the spring and summer months, so that 
the seasonal elevation of visual threshold associated with 
wdnter, wdiich has been reported by English investigators 
(Lister Institute and Medical Research Council, Vitamin A 
Sub-committee of the Accessory Food Factors Committee, 
’45) was not encountered. 


TABLE 2 


Vitamin A potcnc}/ of carotene-eontaming fnipplrments as measured hy chemical 

and hioassay methods. 



VITAMIN A VALUK 

measuubii by 

DIFf'ERENCK 

BETWEEN 


Chemical 

Analysis 

Binassay 

PREDIOTED ANU 

bioas.%ay valfes 

Crystalline carotene 

l.V./gm . 

7 . 77 . ! gm 

% 

in cottonseed oil ^ 

1.44 X 10" 

1.07 X Ki" 

+ 15.9 

Carrots, frozen, cooked " 

146 

50.5 

— 65.1 

Peas, frozen, cooked ‘ 

6.2 

7.0 

-f 12.9 

Spinacli, frozen, cooked^ 

85 

97.5 

+ 14.7 


^ U.iS.P. reference cod liver oil no. 1 used as standard in bioassay. 
^ S.M.A. i3-carotcne used as standard in bioassay. 


Cooking, over and above the amount required for blancliing 
tlie carrots preparatory to freezing, caused no differences in 
either the carotene content of the vegetable or the ability of 
the human to utilize the carotene. The same amount of car- 
rots whether cooked or uncooked .was required by each sub- 
ject for restoration of normal vision. 

There was a marked discrepancy between the vitamin A 
value of the carrots calculated from the chemical analysis, us- 
ing 0.6 Mg’ |3-carotene and 1.2 Mg’ a-carotene, respectively, as 
equivalent to 1 I.U. of vitamin A, and that same value mea.s- 
ured directly by the rat-growdh bioassay procedure (table 2). 
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(llieiuioal analyses of tlie samples were in close agreement 
and gave an average of 77.8 pg' 13-carotene and 19.4 gg* a-caro- 
tene or a calculated total of 14(1 I.U. vitamin A value per gm 
of carrots. The vitamin A aetivitj^' of duplicate samples 
of (airrots determined by rat-growtb bioassay was 50.5 I.U. 
per gm, equivalent to only one-third of the provitamin A 
sliowu to be present in the vegetable by chemical analysis. 

it is obvious (table 3) that there can be a three-fold dif- 
tercnce in the statement of the vitamin A requirement of 
tlicsc hninan subjects, depending upon which value, chemical* 
<!r Inological, is rised in calculating the potency of the carrots 
from whieli praclieally the entire vitamin A intake of the 


IJJLl 


l^liCciioplufUnneirio rs. hiologlcal mriliod of ussai/ of carrots ??? estimating ilifi 
vitamin A requirement of hvman adults. 


VlTAiriNA 



n V B ,T 

13 0 T 



RAKKD ON: ^ 

(') 

;tt. a rx i.v. per 

VTT. A IX I.U. PKPv 

8 

VTT. A IN I.U. I’lflR 

D 

VIT. IN I.U. PER 

S'pectroplioi omofrie 

dll if 

kif.'dii'sf 

dai/ kif/iloif 

(lay kg/d(iy 

day kg/day 

aim, lysis 

Bitinssiiy 

f.f)4u 

IK) 

40 

SI.10 101 

28G0 8G 

5185 90 

1770 31 

4450 85 

1590 30 


TigureH !n-t> inchisivti oi;’ small amount of vitamin A present in basal diet. 

subjects was derived. Table 4 compares the results from this 
invest igation with tindings obtained previouslv in this labora- 
tory (Booher and Callison, ’39; Booher, Callison and Hews- 
Ton,^ dJ). In tljese earlier studies a similar method of ex- 
pernnentation was nsed, the dietary sources of vitamin 4 
liemg U.S.P. reference cod liver oil no. 1, crystalline caroteim 
'/mn ’ spinach or cooked peas. In these studies also 

(table 2) chroinatopaphic as well as biological assays were 
made of tlie provitamin A active constituents of all the 
carotene-containing supplements, U.S.P. reference cod liver 
oii no. 1 with a rated potency of 3000 I.U. per gm beino- used 
as tbe standard of reference. ^ ® 

It has been dmonstrated by Callison and Orent-Keiles 
( 4o) and by lorter, Nash, Zseheile and Quackenbush (’46) 



Summary of apparent vitamin A requirements of humans as affected hy method of mcasuremetit of vitamin A 

value from different sources » 
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* TJ.B.P. refereiiee cod Hirer oil no. 1 used as standard in assay. 
- S.M.A. ^-carotene used as standard in assay. 
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that U.S.P. reference oils nos. 2 and 3, i^espectively, are un- 
stable and undependable as standards in vitamin A assays. 
Although there are less actual direct experimental data to 
be cited in proof, the stability of U.S.P. reference cod liver oil 
no. 1 has also been questioned by Morton (’42) and most 
recently by the United States Bureau of Dairy Industry’s 
Technical Committee in charge of the nation-wide survey 
( ’47) to determine the value of butter as a source of vitamin 
A m the diet of the people of the United States. "Wiseman 
analyzed immediately upon delivery, a sample of U.S.P. 
reference cod liver oil no. 1 which had been in transit less than 
24 hours and was packed in dry ice during that time. After 
removal of an aliquot for analysis, the bottle wms resealed 
under nitrogen, stored at reduced temperature and reopened 
at weekly intervals for a period of 3 weeks, the same pre- 
cautions being observed at each subsequent resealing and 
storage. The absorption of the non-saponifiable fraction at 
325 m(j was measured by means of a photoelectric spectro- 
photometer, using a Hilger double monochromator. The 
values for 325 mu were 1.50, 1.42, 1.38 and 1.38, respec- 
tively. These figures indicate a fall of 8% in the vitamin A 
IJotency of the oil during a 3-week period under storage 
conditions which slionld keep such losses at a minimum. 

In view of these observations on the instability of U.S.P. 
refereiK'c cod liver oil no 1, it is important to reevaluate the 
bioassay values reported by Booher and Callison (’39) for 
the crystalline carotene, cooked spinach and cooked peas, 
in which the standard was U.S.P. reference oil no. 1, and to 
compare them with the cai'otene content of tbe.se supplements 
as measured chemically. Tbe bioassay indicated a vitamin A 
potency for crystalline carotene 15.9% higher than would have 
been predicted from the carotene analysis, and values 12.9 and 
14.7%. higher than calculated for the cooked peas and cooked 
spinadi, respectively, assuming complete utilization of caro- 
tene fi'om the vegetables (table 2). An nneorrectod decrease in 
the actual potency of tlie standard of referonco employed in a 

* WiKseiujui, IT. {.r. TTnpiililished diita. 
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bioassay leads to just such an apjiarent increase in tlie vitamin 
A value of the material being assayed as reported by Callison 
and Orent-Keiles (’45). It is, of course, impossible to de- 
termine wbetlier or not the entire amount of the discrepancy 
between the 2 values can be accounted for in tins way. Since 
no speotropbotometric measurements wei'e made of tlie sam- 
ples of reference cod liver oil no. 1 used in the assays, the 
extent of the deterioration of the standard is unknown. How- 
ever, Callison and Orent-Keiles (’4-5) have demonstrated that 
errors of from 30 to 44% can actually occur in vitamin A 
assays, due to deterioration of IJ.S.P. reference cod liver oil. 

Since U.S.P. reference cod liver oil no. 1 was used in es- 
tablishing the human requirement for preformed vitamin A 
by Booher, Callison and Hewston (’39), these values are also 
probably somewhat too high. On the other hand, the quantita- 
tive relationship between the human requirement for pre- 
formed vitamin A and for carotene established in this study 
remains unchanged, since any correction necessitated by the 
instability of the IJ.S.P. reference oil no. 1 applies equally 
to both the cod liver oil and carotene preparations used as 
supplements. This relationship appears to be remarkably 
constant for the 5 subjects studied. On the. basis of inter- 
national units per kilogram, subject no. 1 required 62% as 
much preformed vitamin A as of vitamin A value provided 
by carotene in oil. Subjects nos. 2, 3, 4, and 5 required 54, 
58, 58, and 57% respectively. Since in every case the Imman 
“requirement” in terms of the bioassay vitamin A value of 
the carotene, is greater than the “requirement” in terms of 
preformed vitamin A, it is apparent that the human being 
experiences somewhat greater difficulty than the rat in utili- 
zing carotene in this form. 

As pointed out above, deterioration in the reference oil 
may account for the higher values of vitamin A potency ob- 
tained by bioassay as compared with chemical analysis of 
carotene in oil,, peas, and spinach. These differences ranged 
from at least 13 to 16% in magnitude. On the other hand, tbe 
lower value obtained for carrots must definitely indicate the 
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1 -at’s inability to utilize carotene from carrots as effectively 
as from the other sources. Crystalline P-carotene was the 
standard used in the vitamin A bioassay of carrots. There- 
fore the question of instability of reference oil does not enter 
into consideration of the bioassay figures for this vegetable. 

Comparison of the human vitamin A “requirements” cal- 
culated from the chemical analyses of the several supplements 
(table 4) demonstrates that carotene from different sources 
varies in its availability to the human organism. For sub- 
jects 10, 13 and 12, carotene from a food source appears to be 
more fully utilized than carotene in oil. Subjects 10 and 11 
required only 63 and 61% as much carotene, respectively, 
when derived from peas as from crystalline carotene fed in 
oil. Subjects 11 and 12 required 81 and 83% as much carotene, 
respectively, when derived from spinach as pure carotene in 
oil. Unfortunately, it was impossible to study the ability of 
subjects 6, 7, 8 and 9 to utilize carotene in oil, since the ex- 
periments were forced to terminate because the siibjects were 
called to militaiy service. 

The rat was able to use carotene from carrots only about 
one-thii*d as well as from peas, spinach or pure carotene in 
oil. It i.s possible that the human being utilizes carotene from 
carrots more efficiently than does the rat. On the basis of the 
bioassay values, the “requirement” of all 4 subjects for caro- 
tene from carrots is below the range found for the 9 subjects 
receiving carotene from the other sources studied, in all but 
1 case (subject 4 for pure carotene). This is true even when 
the bioassay flgui’es are decreased by 13 to 16% to adjust 
for possiltle deteiioration of the reference cod liver oil. 

In this connection it may be noted, however, that the amount 
of carotene utilized from carrots by the human subjects in 
this study to support normal dark adaptation is consistent 
with the recent observation of the Vitamin A Sub-committee 
of the Accessory Food Factors Committee, Lister Institute 
and Medical Besearch Council (’45) that 75% of the carotene 
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from dietary carrots was eliminated in the feces, leaving 25 fc 
available to the body. No details of the chemical methods 
employed were given in the preliminary i-eport, however. 

Inasmuch as neither chemical analyses of carotene content 
nor bioassays of vitamin A potency are necessarily indicative 
of the actual availability of this nutrient to the human being, 
clear-cut differentiation should be made between (1) the vit- 
amin A or carotene content of a food as determined by 
chemical analysis (2) the vitamin A or carotene requirement 
of the animal, including man, as determined by the amount 
of crystalline carotene or vitamin A preparation necessary 
for the support of a specific physiological function (for exam- 
ple growth or normal dark adaptation), and (3) the efficiency 
of utilization of the nutrient from a given food to meet these 
requirements, (f raves (’42), Bacharach (’41) and Pyke (’42) 
have discussed some of the difficulties encountered in inter- 
preting data for practical use and suggestions for overcoming 
these difficulties have been offered. However, any general 
factors suggested at this time to be applied as human avail- 
ability corrections to the vitamin A or carotene values ap- 
pearing in dietary tables are purely empirical and vary with 
different foods. 

The results of this study emphasize the need for caution 
when making use of carotene and vitamin A values found in 
current food composition tables for the planning of diets 
and evaluation of their adequacy with respect to human re- 
quirements for this vitamin. In addition, they point to the 
need for further investigation of vitamin A and carotene 
utilization by man by means of balance or digestion studies 
paralleled by similar experiments with rats, since the latter 
are the standard animals employed for the vitamin A bio- 
assay. It is important to include a large number of human 
individuals in such a study, since variability in this species 
is extremely great. Such studies, though difficult and time- 
consuming, will yield information of value in bringing order 
out of the confusion which now exists in this field. 
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It has been shown that chicks require arginine for mainte- 
nance and growth (Arnold et ah, ’36 ; Klose et ah, ’38 ; Klose 
and Almquist, ’40). Rats, on the other hand, can synthesize 
arginine at a rate which permits maintenance but which is 
insufficient for optimum growth (Burroughs et ah, ’40). The 
need for arginine by the turkey poult has not been investi- 
gated previously. Three experiments were completed in which 
young poults were fed an arginine-low ration siq^plemeuted 
with various levels of arginine to detei'mine whether poults 
require this amino acid, and if they do, the amount necessary 
for optimum growth. 

EXPEBIMBNTAL 

The basal ration used in experiments 1 and 2 contained the 
following per 100 gm: 'watei-- washed casein, 26.6 gm; l(-) 
cystine, 0.4 gm; glycine, 2.0 gm; calcium gluconate, 5.0 gm; 
fish oil (3000 A-400 D), 0.5 gm ; synthetic vitamins, 0.20591 gm; 
soybean oil, 3.0 gm; special salt mixture, Igm^; cholic acid, 
0.1 gm ; hexane extract of alfalfa, equivalent to 2.0 gm alfalfa ; 
folic acid equivalent to 4 gm solubilized liver ; and glucose to 
make 100 gm. The special salt mixture contained (in %) 96.47 

* Composition: tricalemm phosphate, 3*5 gm; diiiotassl uin phosphate, 1,29 gm; 
potassium chloride, 0.3 gm ; magnesium sulfate, 0.4 gm ; sodium silicate, 0.2 gm. 
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sodhim elilorkle. 0.49 mang’aneso, 0.1 iron, 0.05 copper, O.Oo 
ziac, 0.05 ahmiiaam, 0.002 cobalt and 0.04 iodine. The syn- 
tiietie vitamins inelnded choline chloride 0.2 gm, biotin 0.00001 
gm, alpha tocopherol 0.001 gm, thiamine 0.0005 gm, riboflavin 
0.0005 gm, pyridoxine 0.0004 gm, d-panlothenie acid 0.003 gm, 
and nicotinic acid 0.0015 gm. For the third experiment the 
basal ration was essentially the same as in the previous tests, 
but tlie casein was increased to 28% and pteroylglutamic acid ® 
was suhstilnttai for the folic acid concentrate. The 1(4-) 
arg'iniin^ monohydrochlornle, l(-)cystine, and glycine used 
W('re commercial prei>arations. 

Bronze turkey prailts were used in these exi)eriments. At 
hatching they wm'o placed in electrically heated batteries with 
raised wire floors and fed a regular starter mash. At 1 week 
of age, tin; poults were divided into equivalent weight groups 
of 9 poults each in the first 2 experiments and S each in the 
third test. The experimental diets and water were supplied 
ad Ubiiuin. The first and second experiments were continued 
for 10 days each and the third experiment for 12 days. 


KESITLTS ANT) DISCUSSION 

Block and Bolling ( ’45) have reported that casein contains 
4.1^i arginine on a 16% nitrogen basis. Since the washed 
cas(‘in in the ]iresent series of experiments contained 82.5% 
crude prohnn, il ivas assumed that it contained 3.4% arginine. 
Tliis value was used throughout in calculating tlie ai-ginine 
content of the rations. 

Data for the 3 experiments are shoAvn in figure 1. The per- 
ceutage gains jxo’ day were calenlated according to the 
following formula : 


por cent p^r day 


average gain X 100 

average Toody weight X niimher of fkys 


The ]-esults agree well with those to lie expected except for 
the groups in exyiei'irnents 1 and 2 which were fed 1.15%.. 


=*T3ie pteroylgliitamTe arid was kindly snpidied by Ledorle Laboratories, Inc., 
Pvtirl Kiver, y., lliruugli tlie eoiirteHV of Br. T. IL Jukes. 
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arginine : tliese gained less than the groups fed slightly less 
(1.07%) arginine. In each of the first 2 experiments the 
highest level of dietary arginine produced the greatest gain, 
with a greater gain on the l.,31% than on the 1.23% level 
(fig. 1). These results indicated that the optimum level had 
uot been exceeded but since the gains made by the poults fed 
the highest level of arginine were only sligiitly less than the 
maximum gains expected on this type of diet, the optimum 
level could not be greatly in excess of 1.31%. To determine 
this optimum level, the amount of arginine was increased to 



Fig. 1 The relation of gain in weight of young poults to the level of arginine 
in their ration. 


1.69% of the ration in the third experiment. The growth curve 
showed a platean at a level of approximately 1.35% of 
arginine. 

Moidality did not seem to be related to tlie level of arginine 
fed, with the possible exception of the first test in Avhieli 2 
poults died in the group receiving the lowest level of arginine, 
while 1 poult died in the group receiving 1.07% arginine. In 
the second test 2 poults died in each of the groups receiving 
0.98 and 1.31% arginine and 1 poult in each of the groups 
receiving 0.90, 1.07 and 1.23% arginine. In the third trial, 
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tlic only tliat died was in the group receiving 1.12% 

iU'ginine. 

The poult requirement of approximately 1.35% arginine, as 
indicated in figure 1, is considerably greater than the chick 
requirement which has been reported to be 0.9% of the ration 
(Almquist, ’45). The poult requirement for total protein is 
approximately 1.2 (i.o., 24/20) times greater than the chick 
requirement. If the chick requirement for arginine wmre 
increased by this factor it would equal 1.08% arginine which 
is still only 80‘/t of the amount required for poults. Thus 
the high requirement for arginine by the poult cannot be 
explained entirely by the higher requirement for total pro- 
tein. The difference in the arghune requirement of chicks and 
poults is quite similar to that reported previously to exist for 
lysine. In the latter case, the poult requirement was found to 
be approximately 1.3% of the ration, compared with 0.9% for 
the chick (Grau, Kratzer and Asmundson, ’46). 

The higli requirement of the poult for arginine indicates 
that it has very limited ability, if any, to synthesize arginine. 
In this respect the poult is similar to the chick and is in con- 
trast to the ral wliich can groAV at a snboptimal rate without 
a dietary source of arginine. 

It is of infere.st to mention that in the third experiment, 
gains produced in groups on adequate levels of arginine were 
slightly greater tlian gains produced in a control group fed 
a practical poult starter. 


STJJQfARY 

Poults were fed a purified type ration with casein, glycine, 
cystine, and various levels of arginine as the only source of 
amino acids. Approximately 1.35% arginine was required in 
the total ration to produce optimum gi’owth. 
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Lindley and Cunha ( ’46) showed that the addition of inositol 
and hiotiu to the ration (purified) of the young pig did not 
increase growth or efficiency of feed utilization. However, 
they showed that biotin and inositol were needed by the pig 
when sulfathalidiiie was included in the ration at a 0.5% 
level. In their work with the pig it was postulated that 
inositol functioned indirectly by stimulating intestinal syn- 
thesis of biotin. A biotin deficiency syndrome similar to that 
observed by Lindley and Cunha { ’46) as a result of feeding 
sulfathalidiiie in the ration was shown to occur when desic- 
cated egg white, at a 30% level, Avas included in the ration of 
the pig (Cunha, Lindley and Ensminger, ’46). Cartwright, 
Wintrobe and Humphreys (’46) produced an anemia in a 
pig, by ineludin g 2% of sulfasuxidine in the ration, which 
responded to a highly purified liver extract ; hoAvever, they 
were not sure whether the anemia was due to a folic acid 
deficiency. 

The experiment which is herein reported was undertaken 
to determine whether the addition of folic acid and paini- 

' Pulilislioil as Seientific Paper no. 706, College of Agrk-ulture niid Agricultural 
Experiment Stations, State College of Washington, Pnllniiin. This stmlv was 
sup])ovtetl in part bj' a griiiit from the Nutrition Funiidation, Jnr., New York, 

N. Y. 
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amiliobenzoie acid alone, or in combination Avith inositol and 
biotin, Avonld be of any benefit, when added to a purified basal 
ration containing the 6 B-comples vitamins: thiamine, ribo- 
flaA'in, niacui, pyridoxine, pantothenic acid, and choline. In 
addition, a liver pieparation (used in pernicious anemia in 
luunans) was comp, rod Avith folic acid for the pig. The effect 
of snlfatlialidine i-imiuistralion on Autamin requirements of 
the pig Avas also studied. 

EXPEKIMENQ’AL 

Eigld-Aveek old ])igs Avere used in the lots Avhere purified 
rations Avere fed. These pigs Avore fari’owcd by 4 Chester 
White gilts AAdiich had been bred to a Danish Landrace boar. 
The dams of these pigs Avere fed a ration of the folloAving 
percentage composiliou during gestation and lactation: AAdieat 
27, barley 27, cull peas 20, millrun 10, tankage 5, alfalfa meal 
10, oA-'ster shell 0.5, and iodized salt 0.5%. 

The pigs Avere distributed equally into lota on the basis 
of weight, sex, and age. One pig from each of the 4 dams 
Avas placed in each of the 5 lots AAdiere purified I’ations AA'ere 
fed. The rations fed are ahoAvn in tables 1 and 2. The same 
pigs Avere used throughout the 2 phases of this experiment. 
.During the first |)hase (I-Aveek period) the effect on the nu- 
trition of the pig of folic acid and para-aminobeuzoic acid, 
alone and in combination Avith inositol, biotin, and a Ihmr 
f)rej)a ration ^ used in the treatment of peimicious an(unia in 
Immaiis, Avas investigated. Daring the second phase (5-week 
])eriod) tlie otiect of snlfatlialidine on the need for these vita- 
mins by the pig Avas detei'mined. 

The purified basal ration used in this ex])eriment AA^as the 
same as that reported previously hy Heinemaun, Bnsmiuger, 
Cunha and JlcCulIoch (’46). The ration consisted of casein » 
sucrose 57.7%, lard 11% and mineral mix ^ 5.2%. 

‘"Oonci'iitrutcd Solution Liver E.vfract, Parenteral’' used for treatment of 
peniieious anemia. Tliis was supplied by Luderle Laboratories, Pearl Biver, N. Y. 

’A'itamin Test Casein GBI, luaimfaetiired by General Bioclieinieals, Ine. 

Falls, Ohio. ’’ 

‘Same as used by Winfrobe (’39), and ns moditied by Heinemann et al. (’46). 
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Water soluble vitamins were fed (in mg per kg of live weight 
daily) as follows: thiamine 0.52, riboflavin 0.12, niacin 1.20, 
pantothenic acid 0.50, pyridoxine 0.20, and choline chloride 
10.00; fat soluble vitamins were supplied (per pig daily) as 
follows: vitamin A, 5,000 I.U., vitamin E, 57 mg, vitamin K, 
2 mg, vitamin C, 50 mg’, and vitamin B, 700 I.XJ. 

A modification of the “paired feeding technique” (Mitchell 
and Beadles, ’30), was used in order to maintain the same 
feed intake by all pigs fed purified rations. Thus, the feed 
intake of the pigs was limited to the amount consumed by the 
pig with the least appetite — with the vitamins and the sul- 
fonamide studied being the oidy variable among the lots of 
pigs. The pigs were fed in individual feeding stalls. To pre- 
vent eoproiihagy the pigs were kept on raised floors which 
were washed twice daily. At no time during the experiment 
■was any tendency for the pigs to eat their feces observed. 

To prevent rancidity and subsequent destruction of vita- 
mins, the purified ration was mixed every third day and kept 
in an ice box. All vitamin solutions were stored under re- 
frigeration. The required amount of the vitamins fed each 
pig was measured in calibrated pipettes and placed on top 
of the ration every other day (every fourth feeding) just 
before feeding time. 

The pigs in lots VI and VII were fed natural grain rations. 
The pigs in lot VIA were of similar background and age as 
those fed purified rations. The re.st of the pigs fed natural 
grain rations wmre 1 week younger and from (Chester White 
sows fed the same ration as that fed the dams of the pigs on 
purified rations. 

In lot VI, the natural (fish meal) ration consisted of wheat 
20, barley 18.5, millrun 4.0, cull peas 16.0, soybean oil 6.0, fish 
meal (66.8% protein) 30.0, alfalfa meal (sun-cured) 5.0, and 
salt 0.5%. In lot VIA the pigs were self -fed this ration, 
whereas, in lot VIB the intake of feed was limited. 

In lot VII, the natural (tankage) ration consisted of wheat 
46.0, barley 35.0, tankage (dry rendered — 56.8% protein) 
13.5, alfalfa meal (sun-cured) 5.0, and salt 0.5%. The amount 
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of feed fed these 6 pigs was the same and limited to the amount 
eaten hj tlie pig’ with the least appetite. One-lialf of the pigs 
(those in lot VIIA) were given folic acid. 

liiadi ]iig was^ bled weekly and blood Avas taken from the 
marginal ear vein for determination of liemoglobin, erythro- 
cyte, leucocyte, and differential cell counts as well as reticulo- 
cyte studies. 

^ Pipettes Avere tilled from the tioAAdug blood on the ear. 
Smears Avere pre])ared from the same source, the stagnant 
blood being Aviped away as it gathered. Hemoglobin' Avas 
determined according to the method of Evehm (’■!()). Leuco- 
cytes were counted in 2% acetic acid diluent tinted Avith gen- 
tian violet. Erythrocytes wei-e diluted Avith Hayem’s solution. 
Smears for differential leucocyte counts Avere stained with 
\\ 8 stain and 200 cells were examined. Eeticulocyte 

smear.s wore stained Avith brilliant cresyl blue and counter- 
stamed Avith Wright’s stain. 








Growth studies 

The (lata in table 1 show that no aiipreciable beneacial 
(’ feet (Ml external apjiearanee, groAvth, or efficiencv of feed 
nfi.izafion was obtained Avhen either folic acid or para- 
amino )enzoi(‘ acid was added alone or in combination Avith 
mositol and biotin to the piirihed basal ration. One pio- 
(no. .:,.(()) w iiHi received the anti-pernicious anemia liver 
c-vtract m ad.htion to folic acid (lot IB) made poor gains 
became rough and scaly, and developed a broAvnisI, emidate 
throughout the surface of the body. Evidently, this pig (no 
...lO) reacted abnormally by developing an allergA’-like condi- 
tion in response to something present in the liver e.xtraet ■< 

_ h reqiient scouring, during the first 5 Aveeks, Avas obser^d 
in the iiigs on a restricted intake of the natural ration con- 
taining hsh meal (lot VIB). The scouring accounts for the 

’Ur. .7, L. Rit-e, (if Ludt-rlji Laimratm-iosi, hiiw tins iiiff -nirl « i. 

suinall, Innnnns i., , rf,,,;..,, 



The effeet of folic achl p-aminohaizolc ucul (PAB)f bwmtol (fX), hioiiu (B), and anii-pcrnlvions anemia liver extract 

(LE) OH growth. 


FOLIC ACID ANB PABA FOB SWINE 


177 




178 


T. J, CUKHA AND OTHEES 


poor gains and loAvered effieieney of feed ntilization obtained 
when comparing results on self-feeding versus limited feed- 
ing of file ration containing fish meal during the first 7 weeks 
of the experiment. 

Suiiplementing witli folic acid the natural ration containing 
tankage resulted in faster gains and in less feed being re- 
quired per pound of gain. However, this elfect was obtained 
only during the first 4 weeks of the experiment. In the next 
5 weeks (table 2), folic acid did not improve the rate of gain. 
Howevei', at the end of the 9-woek feeding trial, the pigs fed 
folic acid were cleaner in appearance and had bigger appetites. 
It is possible that if the pigs fed folic acid had not been 
i-estrieted in their feed intake, they would have eaten more 
and consequently outgained the pigs not being fed this dietary 
factor. 

Occasional scouring, characterized by grayish feces, was 
obtained in all lots of pigs fed the purified rations during the 
first 7 weeks of the experiment. The scouring nsually lasted 
from 36 to 48 hours and did not seem to have any elfect on 
appetite. This scouring was observed oven though, in lot 
V, all the known vitamins were being fed. No scouring was 
obtained with the pigs during the second 5 weeks of the 
experiment when sulfathalidine was included in the ration. 
However, tlie pigs fed the basal ration witbout sulfathalidine, 
continued to scour occasionally during the second 5 weeks of 
the experiment. Therefore snlfathalidiue, fed at a level of 
approximately 0.65 gni per 10 pounds body weight, was ef- 
fective in preventing a tyqm of scours which occurred even 
when all known vitamins were included in the ration. Ferrin 
(’46) found that oral administration of sulfathalidine at a 
rate of 0,75 gm per 10 pounds of body weight was effective in 
stopping scours which developed in pigs fed methionine in 
addition to a natural ration. Scours in young pigs fed natural 
rations have been reported by Ross et al. (’44), Pairhanlcs 
et al. (’44) and Whitehair et al (’46). Whether there is any 
relation between the scours observed by these workers and 



TABLE 2 

The C'ffevt of sulfailuilidine (ST) an ilic n ^mn^e nf the pig to folic acid (FA)^ p-aininohi nenir acid (FAIJ) i?nmtol (IN)^ 'biotin (B), and anti- 
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tliat obtained in this work Aritli pnrified rations is difficult to 
say. 

A small amount of blood was frequently noted in tlie feces 
of tbe pigs fed pui’ified rations. Wood in tlie feces, as a result 
of fence chewing, was found with all the pigs fed purified 
rations. No fence chewing or blood in the feces was obseiwed 
Avith the ijigs fed the natural grain I'ations. In an elTort to 
test Avhether a lack of sAifficient phosphorus might be respon- 
sible for the fence cheA\ing, an extra 10 gm of CaHP 04 AA’ere 
gWen each pig daily for 10 days. This aa’us folloAA’ed by in- 
creasing the total mineral intake of the ration from 5.2 to 
7.2% for 21 days. The addition of the extra minerals seemed 
to alleA'iate, to a small extent, the fence chcAving but did not 
eliminate it. Fence ehcAring has eonsistentiy been obsoiwed 
at this .station A\dth young pigs fed purified rations. 

Since the addition of either folic acid or para-aminobenzoic 
acid to the basal ration for a 7-Aveek peiiod AA’as of no benefit 
on gains or efficiency of feed utilization, it aauas assumed that 
possibly the pig may be able, through the action of intestinal 
bacteria, to synthesize enough of these 2 Autamins for those 
needs. IIoAveAmr, there is the possibility that enough of these 
2 A’itamins may haA^e been stored during the suckling period 
of these pigs to last them through this ex])eriment. In order 
to test Avhether these 2 Autamins Avore being synthesized, .sulfa- 
thalidino AAdiicli has been used to inhibit the gi-oAvth of inte.s- 
tinal bacteria and hence A'itarain synthesis AAuth the pig 
( Lindley and Ounha, ’46) aauas used. 

Tlie data in table 2 sIaoaa' that the addition of .sulfathalidine 
to the purified basal ration for a 5-Aveek period had no effect 
on the need of the pig for either folic acid or para-ainino- 
benzoic acid as measured by the rate of gain and efficiency of 
feed utilization. Among all the lots of pigs receiA’ing purified 
ration.s, there Avas little or no difference in gains except in 
lot IB Avhere the anti-pernieiou.s anemia Imer preparation AAms 
fed in addition to folic acid. In this lot, 1 pig (no. 330) ac- 
counted for the poor gains. The other pig in this lot gained 
as Avell as tbe pigs in the other lots fed purified rations. The 
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exudate which pig no. 330 exhibited at the end of the experi- 
ment Avas not as severe as it was at the end of the lirst 7 
weeks. Pig no. 330 developed cracked feet by the end of the 
experiment which were typieal of those observed on a biotin 
deficiency with the xjig by Lindley and Cunba ( ’46) and fhinlia 
et al. (’46). After the third iveek, jiig no. 330 began losing 
some hair on the posterior ]nirt of the ham and displaying 
a sensithuty in the feet and a tendency to lie doivn and remain 
inacth'e. All 4 feet became cracked aiid bled occasionally. 
The pig also displayed considerable hypersensitivity when 
forced to move. The hair loss and cracked feet are typical 
of a biotin deficiency. The other XJig in this lot also had 4 
cracked feet and a slight hair loss on the posterior part of the 
ham. Horrei'er, the most marked biotin deficiency sym]itonis 
were obtained vdth pig no. 330. 

In lot lAA (basal -f snlfathalidine) 1 pig displayed cracks 
in the feet typical of a biotin deficiency. The other jiig in this 
lot had a slight hair loss on the posterior part of the ham. 
In lot II (basal + folic acid) all 4 pigs displayed slight to 
moderately cracked feet typical of a biotin deficiency. Tavo 
liigs displayed a slight hair loss on the posterior jiart of the 
ham. In lot III (basal + PxlB) 2 pigs disxolayed moderately 
cracked feet and 1 of these pigs had a slight hair loss on the 
posterior part of the ham. All pigs in lots lA, IVA, IVB, and 
V AAmre normal in ajipearance Avith regard to hair coat and 
feet. This substantiates the AAmrk of Lindley and Cunha (’46), 
Avhich shoAved that biotin in the ration Avould iireA^ent the 
symptoms discussed aboAm. The biotin deficiency symptoms 
exhibited in this woili Avere Amry mild as comxiared to those 
observed preAuously by Lindley and Cunha (’46). Thi.s may 
be due to 2 things : (1) In the previous AAmrk lighter pigs AA’ere 
used and snlfathalidine AA-as fed after the pigs had preAuously 
been fed sulfagmanidine for 5 A\meks, and (2) the pigs Axmi’e fed 
sidfathalidine for 6 AA^eeks in the preAuous Avork as compared 
to 5 Aveeks in this trial. Miller ( ’45) shoAimd that sulfathalidino 
fed to rats OAmr a long period of time caused nutritional de- 
ficiency symiitoms which Avere corrected by the feeding of 
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biotin and folic acid. Gartwriglit, Wintrobe and Hiimpbreys 
{’46) were able to produce an anemia in tbe pig 'wMcli re- 
sponded to a liigbly purified liver extract. However, tlie 
anemia was prodiiced after feeding 2% of sulfasuxidine in tbe 
ration for an extended period of time; they were not sure 
tbat the anemia was due to a folic acid deficiency. 

Tlie data in table 2 show tbat tbe pigs fed a limited aniouni 
of the natural ration containing fisli meal wore very efficient 
in utilizing tlioir feed. During the second 5-week period, tbe 
pigs fed a limited amount of the fish meal ration required 
d.n pounds of feed per pound of gain wliereas the pigs self- 
fed tbe same ration required 4.24 pounds of feed per pound 
of gain. 

fHudief! of the blood 

Ilemoglobiii. Tbe data in table 3 show tbat during tbe first 
7-week period tbe addition of folic acid to tbe basal purified 
ration was of some help in bemoglobiii formation. The addi- 
tion of para-aminobenzoic acid to tbe basal ration resulted in 
slightly higher hemoglobin values. Those obtained wdtb the 
pigs fed the natui'al grain rations (lots VI and VII) are some- 
wbat in lino with others rei)orted in tbe literature by Kern- 
kamp (’32), Croft and Moo (’32) and Noi'dskog et al. (’44). 

It i.s of interest to note that tbe addition of folic acid to the 
basal purified ration re, suited in higlier hemoglobin values 
than those obtained with the ])igs fed tbe natural grain rations. 
Since tbe natural ration containing 30% fish meal may be 
con.«i(lered very well balanced nutritionally, one might wonder 
whether many supposedly well-balanced natural grain rations 
really supi'jort maximum hemoglobin formation. Tbe question 
miglit also be raised as to whether the pigs fed the basal 
ration plus folic acid were better off nutritionallv since their 
hemoglobin values were a little higher than tliose of the pigs 
self-fed the natui’al ration containing 30% fish meal. 

The addition of folio acid alone to the basal purified ration 
(lot II) stimulated hemoglobin formation. However, when 
folic acid was added along with tbe liver extract (lot IB) oi- 
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other vitamins (lot V), it did not stimulate hemoglobin for- 
mation. This finding is difficult to explain. It is possible 
that it may have been caused by some vitamin imbalance. 
fSiig’gestions of a possible imbalance of vitamins were ob- 
tained by Ciniha et al. (’43) with rats, and by Ciinha et al. 


TABLE :i 

The effect of folic arid (FJ), 'p-ami}io'he7}rjoir arid (PAB), iiwsifol (TN), hfotin 
(B), and anti-pernirUnis ariemia liver rxtrari (LF) on Iwmofdolrm level of pi pH. 


LOT 

NO. 


RATION FED 


ii LOO I » IHLMO 01 .0 1i I N ^ 
fOJM/lUO ML) 


First 7 weoks Niixt 5 weeks 





No 

No 

Sulfatlia- 




sulfonamide 

sulfonamide 

lidine 




added 

added 

added 

TA 

Basal 


12.51 

32.89 

33.60 

TB 

Basal + fa + BE 

12,33 


13.23 

TT 

Basal -f 


14,18 


13.90 

ITT 

Basal -|~ PAB 


13.49 


13.01 

1 V A 

B.ns.nl + PAB -|- IN -f- B 

12.77 


33.40 

]vn 

Biisiil -t- PA B -1- IN -f B 





. 4- l^E 




13.24 

V 

Basal -f PAH 4* IN 4 B 





4 FA 


12.17 


13.09 

VTA 


Helf- 





Natural 

ration 

fed 

12.57 

33.05 



with fish 

Limited 




YTB 

meal 

amount 

fed 

12.52 

13.3 3 


A"ITA 


Folic 





Natural 

acid 





ration 

with 

ad<led 

11.47 

31.32 


VITB 

tankage 

Nothing 

added 

11.55 

11.54 



^ Tlie hemoglobin values are an average figure of all the times the pigs were bled. 
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(’44) -witli .SOM'S, both rats and sows, tliero M'ove iiiauv 

iiistaiicos M’liove tlio addilioTi of 1 vilaiiiiii or a coivibiaaiioii 
of vliaiuiiis gave ])Oorftr results tbaa 'wliea no vitaiuins were 
added to tlu; liasal ration being studied. 

Of interc'sl is tlie fitet that ilie lieniog'lobiii valnes rvere about 
tlie same willi tlie ])ig' self-fed as c‘oni]')ared rvitli those ted 
a limited amount of llio same natural grain ration eoutaiuiug 
iish meal. The addition of folie aeid to the natural gram ration 
containing tankage had no etVeet in stinuilating hemoglobin 
formation although it stimulated growth to a slight extent 
dni'ing the first 4 weeks of the e.x]n.'riment. The addition of 
.snlfathalidine to the pnritied rations did not have any effect 
in l(nveri7ig hemoglobin values. This may have been caused 
by too low a level being fed, or the feeding of snlfalhalidine 
not l)eing continued for a long enough period. 

Eryihrocytp.s. Weekly avt'rages of all gi'oups of pigs 
sboM'ed erythrocyte counts in the range of (> to 10 millions 
])cr mm". Kernkani]) { ’32) repoided an average of about 
7 million erythrocytes in pigs 40 to 80 days of age. Figures 
reported by Kohner and Boerner (’41) slmw a range of 5 
to million erythi'ocytcs jter nmf’' for srvine, although the ages 
of theij- ])igs rvere not gi^'en. Tt would thus ap]:)ear that neither 
anemia nor polycythemia rvas produced in ])igs in this (!X])eri- 
immt since their erythrocyt(' counts rvere rvithin normal 
ranges. Xo ajiyH-eciable diffmamces in number of erythrocytes 
were obtained ludwoen the various groups of pigs. Excessive 
numb(>rs of immature or abnormal erytln-ocytes M'ore not 
observed. 

Jfriifiihirijfe.ft. The reticulocyte connt.s in the various groups 
of pigs averaged from 0.3-2.(177 of the erytln-ocytes. The 
reticulocyte numbers u’ore con.sistently lower during the 
period snlfathalidine rvas fed than they were in the same 
grou]) dui-ing the fii-st part of the experiment. C’offin (’40) 
reports a rtdiculocyte range of 0.5-4.5% in swine. It is as- 
sumed that the reticulocyte counts in this experiment u’ere 
Muthin a normal range. 



FOLIC ACID AND PABA Pf)n. SWINE 


18(3 


Lcurnrytes. Weekly averages of all groups of ])igs sliowed 
leuco(;yte counts in tlie range of 10,000 to 80,000 per luiif’ 
Kernkanip (’32) reported an average leucocyte count of 
aliout 21,000 in pigs 54 to 80 days old. Ifroni Kernkanip ’s 
work it would appear that young pigs have a relalively high 
leucocyte count, as was found in this work. Wliilo some 
of the leucocyte counts were high, there was no apiireciahle 
dift’m'ence among the various groups, and the counts were 
regarded as being within normal range. 

During the last 3 or 4 weeks of the experiment there de- 
veloped a moderate relative lymphocytosis and neutropenia, 
which was less marked with, the natural grain ration fed the 
pigs in lots VT and VII. It may he that this difference was due 
to some factor or factors contained in the natural rations 
and not contained in the purified rations. There was no 
appreciable difference among the groups of pigs fed purified 
rations in this regard. 

SUMMARY AND CONCLUSIONS 

During a 7-week trial, no beneficial effect on exteimal ap- 
]H;aranee, growth, or efficiency of feed utilization was ob- 
tained when either folie aeid or para-amiuobeiizoie acid was 
added alone or in combination with inositol and biotin to a 
purified basal ration wbicli contained the 6 B-complex vitamins 
— thiamine, riboflavin, niacin, piyridoxine, pantothenic acid, 
and choline! 

The addition of folic aeid or para-aminobenzoic aeid alone 
to file basal purified ration stimulated hemoglobin formation 
to a small extent. However, when folic acid was added to the 
pmrified basal ration in addition to the liver extract or other 
vitamins, it did not stimulate hemoglobin formation. It is pos- 
sible that tliis may have lieen due to some vitamin imbalance. 
The addition of folic aeid alone to the basal purified ration 
resulted in liigber hemoglobin values than those o])taine<] 
witli ])igs fed a natural grain ration containing 30% fi.sli meal. 
The ])rovision of folic aeid to pigs fed a natni'al grain ration 
containing tankage did not have any effect on hemoglohin 
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formation althougb it caused some stimulation of growtli 
during’ the first 4 weeks and caused the pigs to be cleaner 
in appearance and have bigger appetites at the end of the 
experimental period. This may also mean that even though 
folic acid does not help g’rowlii with a purified ration, it may, 
under certain conditions, promote growtli with natural grain 
rations. 

One pig, being injected with the anti-pernicioirs anemia liver 
extraet, reacted to it abnormally. The pig made poor gains, 
developed rough and scaly skin, and a brownish exudate 
tliroughout the surface of the body. 

Snlfatlialidine, fed at a level of approximately 0.65 gm per 
10 pounds of body rveight, was effective in preventing the 
scours, characterized by a gi’ayish feces, which occurred 
periodically with the iDigs fed purified rations even in the 
gronp where all the knoAvn vitamins were fed. 
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liiKti/iili.’ of lixperi mental Biologif, Vnivernitu of CaUfornia, Birl'rlc y 
'j'wo piauitES 

(Received for iiiiRlieatioii Marcli 5, 1947) 


TJie spat-iug' action of high protein (casein) diets on the 
paiitotlieiiic acid rcHinirement of tlie rat (Nelson and Evans, 
’45) was sliown Ijy the increased growth and survival of rats 
deficient in pantothenic acid from hirtli or from weaning. 
’Fills sparing action may lie due to (1) an “absolute” decrease 
in flic reipiireniont for the vitamin; (2) a relative decrease 
liecaiise of decreased vitamin loss by urinary excretion; or 
(d) an increased intestinal synthesis of the vitamin. To iri- 
\'estigaf(i the latter 2 possibilities the urinary and fecal ex- 
cretion of pantothenic acid has been determined for deficient 
ruts maintained on ymritied diets varying from 24% to ()4%. 
casein. 

Tlie ])resent study shows that the fecal excretion of the 
vitamin was variable and a relation to the dietary protein level 
not apparent. This would seem to exclude the third view that 
increased intestinal .synthesis of the vitamin occurs. On the 
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itahway, N. J.; nlplmdoc.opherol from Merck and Co., Inc. 
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other liaiul, tlio urinary vitauiiu excretion was definitely ob- 
served to increase with the protein intake. The second ex- 
planation that a decreased A’itamin loss liy urinary excretion 
occurs is, therefoi'e, erroneous. The data here presented, 
therefore, indicate instead that there is an unexplained “ab- 
solute” decrease in the rat’s retiuircinent for pantothenic 
aci<l as such when higher jirotein intake occurs. 

Th(* inarlced increases observed in urinary vitamin excre- 
tion in’onipted a reexamination of the pantothenic acid eon- 
t(‘iit of various purified and “vitamin-free” caseins, all of 
which were found to contain significant amounts of panto- 
thenic acid. When the calculated amount of pantothenic acid 
I)resent in the high-protein diets was added to the high- 
carbohydrate diet, such supplemented diets were still not 
equal in sparing action to the high-protein diets on which 
littermates were maintained. 

EXPERIMENTAL PEOCEDUKES 

Twenty-one day old rats, littei'mates of the Long-Evans 
strain, were divided into equivalent groups, balanced accord- 
ing to body weiglit, and placed in individual cages with 
seri’cns. Males were used for all experiments except the first 
one. The animals were examined and weighed every 5 days; 
tbo.se in poor condition were checked daily. 

Tlie purified i)antotlienic acid-deficient diets used varied 
only in their proportions of carbohydrate and protein. The 
ba.sal diet (bigh-carbohydrate) contained 24% alcohol-ex- 
tracted casein, 64% sucrose, 8% hydrogenated cottonseed oil,® 
and 4% .salts.'* The liigh-protein diet contained 64% casein 
and 24 % sucrose with tlie I’eniainder of the constituents iden- 
tical. Both diets contained the following ciystalline B vita- 
mins per kilogram of diet : 5 mg tbiamine-HCl, 5 mg pyri- 
doxine-HCl, 10 mg riboflavin, 10 mg p-aminobenzoie acid, 
20 mg nicotinic acid, 400 mg inositol, and 1 gm choline chloride. 
Each rat received weekly a fat-soluble vitamin mixture eon- 

® Orisffo* 

Balts no. 4 of Hogsted ot al. (-’41). 
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taiiiiDg’ 325 mg' corn oil,® 400 TJ.S.P. units vitamin A, 58 Cliiek 
Units vitamin D, and 3 mg alpha-tocoplici-ol. 

Tlie microbiological assay method of Strong et al. (’41) as 
modified by Neal and Strong (’43) and by Strong (’44) was 
used for pantotlienic acid analyses. Uiine and feces were 
collected for a 24-hoiir period and pooled for each dietary 
group. Individual metabolism cages were used for each rat 
find every iirecaution taken to eliminate contamination of 
urine with the feces. This was especially important because 
the iianfotlienic acid content of feces was consideraldy higher 
tlian that of the urine. Food was not given to the rats during 
tlie 24-hour collection period because of the difficulty in pre- 
venting scattering of the diet with the subsequent contamina- 
tion of urine and feces. Also, it was felt that food intake 
during this period would introduce an additional variable 
into both the urinary and fecal excretion. 

RESULTS 

Growth and survival 

Table 1 summarizes the data on growth and survival of 
deficient rats maintained on the 24% and on the 64% casein 
diets. Growth and survival on the high protein level were in 
si riking contrast to those on the loAver level. Furthermore, the 
superiority of the high-protein diet increased with age. Both 
growth and survival on the 64% casein diet were slightly but 
significantly better by 60 days of age and markedly better 
Ijy 90 days of age. Fcav animals maintained on the 24% casein 
diet survived 120 days (only 21% under the experimental con- 
ditions), whereas animals maintained on the 64% casein diet 
survived indefinitely once they were jiast the critical age of 
50-70 days. Animals have been maintained as long as 12 
months on the high protein diet deficient in pantothenic acid, 
their liody weight and general condition improving with each 
month. It will be noted that the few deaths on the 64% level 
occurred, with only a single exception, before 60 days. 

= Miizola. 
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AppaTontly 1 or 2 rats in eaoli series cannot become adjusted 
to the high protein diet in time for the sparing action to be 
offoctive. 

The tyi>ic*al symptoms of pantothenic acid deficiency ob- 
served in tlic groups receiving the 24% casein level (greying, 
porjfiiyrin de])osition, dermatitis, and hemorrhagic adrenals) 
■\vci‘e ameJioi-ated at the t!4% level. Greying occurred on the 

TABI.K I, 
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' T!it3 aiiiiiialH maintaiiK‘d on the U% casein diet ave littennates of the eor- 
respondhi^ first 4 gr<>ups on the 24% casein diet. The additional animals on the 
24%; level tu'e Ineludod to show the variation in growth and survival on this diet. 


high-protein level at the same time it was observed on tlie 
lower level (45-f)5 days of age) but iu the majority of animals 
maintained on the high protein level the original fur color 
began to return between 90 and 120 days of age. Spontaneous 
cures of greying have been reported for rats receiving sub- 
optinial levels ot pantothenic acid by Henderson ot al. (’42) 
and hr Fnna and Richards ('42). Porphyrin deposition and 
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dermatitis were not observed at the high protein level; how- 
(n’er, hemoiThagie adrenals wei-e found in the few rats that 
died at an early age. 


Uriiiarii and fecal excretion of pautotJienic acid 

It is evident from the data summarized in figure 1 that the 
urinai-y exeretion of pantothenic acid was significantly higher 
for rats on the (4% casein diet than for those on the 24% 
casein diet. TTi'inary excretion on the high casein level in- 
(O-eased directly with age and paralleled the increased g*rowth 
and survival ol>served on this diet. This increasing superi- 
ority of the high protein diet with age may bo due to the fact 
that th(‘ pantothenic acid requirement of the rat decreases 
with age (rnna and Richards ’42). The daily urinary exere- 
tion of pantothenic acid for 56 rata maintained on the 64% 
casein diet averaged 6.0 pg, beginning with 3.3 pg (day 30-60) 
and 4.6 Mg (day 60-90) up to 6.7 pg (day 90-120) and 7.1 pg 
(day 120-165). Additional determinations carried out on 21 
older rats, 225-285 days of age (not shown on the figure), 
avei’aged 10.7 pg daily. In contrast, the daily urinary exere- 
tion of pantothenic acid for 45 rats maintained on the 24% 
castin diet averaged 0.9 pg, with corresponding figures for 
the same age groups of 0.8 pg, 0.8 pg, 1.1 pg, and 1.1 pg, re- 
s])eeiiv(>ly. The vntamin excretion on this diet was similar 
})ut slightly higher (as would be expected) than the values 
reiiorted by Henderson et al. (’42) for pantothenic acid de- 
ficient rats maintained on an 18% casein diet. 

The fecal excretion of pantothenic acid varied markedly, 
regar<lless of the casein level. Up to 90 days of age, at which 
time gi'owtli and survival on the high protein level are already 
markedly better than on the lower level, there was no sig- 
nificant diffei'ence in fecal excretion for the 2 protein levels.® 

Wriglit and (’46) liave reported that the fecal exeretion of 

Iht* B vitamins (iiieludiiig pantothenic acid) varied directly with the protein level 
whim diets snpplenuoited with 8 B vitamins but furnishing deficient or snboptinial 
amonnts of ca.s(‘in were used. It may be noted that the lowest casein 

level used in the. ]tresent study was 24%. 



-iuei ju (lays or ago tiie high protein group tended to excre 
more pantothenic acid in their feces. This tendency is sho\’ 
in the averages for the dietary groups and for the differe 
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а, U’e gToups oil tlie diet. Fifty-eigiit rats maintained on the 
04% casein diet averaged 12.4 Mg' fecal pantotlienic acid per 
24 liours, beginning’ with 7.2 Mg ^lay 30-60) and 8.3 Mg (day 
00-90) to 34.1 Mg’ (day 90-120) and 14.2 Mg (day 125-105). In 
addition, deienninatious carried out with 23 older animals, 
225-285 days of age (not shown on the figure) averaged 

20.9 Mg' daily. On the 24% casein diet 45 rats averaged 8.0 Mg 
fecal ])antotheiiio acid I’ler 24 hours and. the corresponding 
figures for tlie same age groups were 7.8 Mg, 7.5 Mg, 11.5 Mg, and 

б. 5 Mg, respectively. Few determinations were carried out 
on rats maintained on the 24% casein level over 120 days of 
age becau.se of the small number of animals surviving thi.s 
period. 

Mention has been made of a possible effect of food intake on 
fecal excretion. Fecal excretion of pantothenic acid was 
measured on a group of 9 rats maintained on the 64% casein 
diet and 160-165 days of age. When fasted the fecal panto- 
thenic acid per 24 hours averaged 17.5 Mg (range 9-24). When 
given food the fecal pantothenic acid over a period of 5 days 
averaged 28.2 Mg (range 15—48). The averages for successive 

24- or 48-hour collection periods were 28.2 gg (range 17-34), 

32.9 Mg (range 25-39), and 25.9 gg (range 15-48). The varia- 
tion in fecal e.xcretion for individual rats during these periods 
were as follows: 15-26, 17-28, 18-25, 18-33, 19-36, 24-48, 

25- 34, 25-38, and 27-39 or a difference of 7-24 Mg between the 
minimum and maximum values for any individual rat. These 
figures are given to indicate the extreme variability in fecal 
excretion, especially when the animals ai’e given food. This 
marked variability is one reason for pooling fecal samples 
for dietary groups. 

The data given on fecal excretion of pantothenic acid at 
the 2 protein levels do not indicate that increased intestinal 
sjm thesis of the vitamin occurred at the high protein level 
during tlie first 90 days of age. Although the fecal excretion 
at the high protein level increased with age, this may be due 
to the increase in body weight and correspondingly in size of 
cecum (Taylor et ah, ’42) rather than to the protein level 
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]iei- St*. 9^110 data given on nrinavy excretion clearly show an 
increase in vitamin excretion at the higii j)rotem level. There 
is, obviously, no relative decrease in the pantothenic acid 
ref|nir(;ment l)ecanso of a decreased vitamin loss by urinary 
excretion on this diet. 

Elfi'cl a/ iuicriitaEuic proicki IcreJfi 

The marked differences in growth, survival and urinary 
excretion at the 2 casein levels, 24% and 64%, suggested the 
desirability of testing the intermediate levels of casein. 
9\velvt! littei's of 21-day-old male rats were divided into 
equivalcTit groups and placed on the d(‘ficient diets containing 
24% , o4%, 44% , 54%% and 64% casein, with corresponding 
rleereases in the percentage of snerose. The rats were observed 
until 150 days of age. Urinary and fecal pantothenic acid 
Avere measured during the latteT- lialf of the experimental 
period, i.e., the ninth, twelfth, thirteenth and nineteenth weeks 
of tlie experimental pei'iod. 

(ti’owIIi (lig. 2), survh'al and urinary pantothenic acid 
(table 2) were proportional to the protein level. In agreement 
Avith the data on fecal (?xcretion for the 24% and 64% casein 
diets, lliere Avas no eoi'relatioii hetwcon fecal pantotheiAic acid 
and tiie ])Tot(‘iu leA'el. The sparing action of high casein diets, 
tis judged liy growth, survival and urinary excretion of panto- 
thenic acid, was directly proportional to the casein level of 
the dotieient diets. 


si'nalijfiis of casein 

The marked increase in urinary excretion of pantothenic 
aeitl by rats maintained on the higher protein leA’^els prompted 
a ree.xamination of the pantothenic acid content of the casein 
used in the purified diets and of other types of purified caseins. 
Microliiologieal assays using AAmter extraction {and heat 
sterilization) had previously indicated that 3 types of casein 
prepai'ed in the laboratory, namely acid-Avas'hed, ether-ex- 
ti acted, and alcolKil-extractcd caseins, contained insignificant 
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aiiKmnts of iiaiitotlieiiic acid (0.1 to 0.3 ng per gm casein). 
Enzymatic digestion with clarase revealed the presence of 
considerably gTeater amoraits of “bound” pantothenic acid 
in all samples of purified casein tested. The amount varied 
with the type of purification and with ditfereut batches in 
which the same purification procedure was used, i.e., alcohol- 
cxtract(((l (xisein, 2.8, 1.8, and 1.5 gg per gm; aeid-Avashed 
casein 2.8 and 1.0 |ig; ether-extracted casein 2.0 and 1.8 gg: 
(!BI casein 1.3 gg; and SMACO casein 0.9 and 0.7 gg’. Bach 
value given is tlie average of 2 to 3 determinations on the 

TABLE 2 

Effirf of dieUinj iwolem IpvcI on> panfothevie acid excretion and 
, survival of dr fid cut rat,s. 


^r- 

UKT.VARY PANTOTHENIC 

AOTU /iff /R, at/24 hrs4 

PEOATj pantothknic 

ACID /iG/RAT/24 HRS.l 


SURVIVAL 


Ray 

GO 

Day 

90 
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Ray 
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Avf'rajfe 
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Average 
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24 

i.d (6) - 

1,1-4.S 

11.4 (7) 

4.0^15.4 

58 

42 

25 

17 

►>4 

l.B (16) 

1.6-2.0 

12.4 (15) 

8.1-19.3 

75 

50 

50 

.50 

44 

3.5 (13) 

2.7-.a.7 

9.1 (14) 

6. 7-1 .5.5 

87 

67 

50 

50 

.14 

5.8 (13 j 

2.4-e.2 

I2.P (17) 

4.0-15.5 

100 

75 

67 

67 


6.6 (25) 

3.1I-7..A 

12.2 (26) 

9.0-13,2 

92 

S3 

83 

83 

Tht^so 

values are 

the averages 

of determinations carried out 

on 

the 

ninth, 


tm'lftii, tliirteeiitli and luiieteeiitli weeks of the experiment. Twenty-four-iiour 
samples were pooled for ea^h dietary group. Mimbers in parentheses refer to the 
number of rats on whieh the average is based. 

® Tills value is higher than iinual because the determinations were carried oat 
on tile .few rats surviving during the later half of the exximment. 

same sample. These values are approximately tAvice as high 
as those reported by Cannon et al. (’45) on similar puri- 
fied caseins (the enzyme used by Camion is not specified) but 
the variability between different batches of casein and slight 
A'ariations in the purification procedure would be sufficient to 
explain the differences. The presence of. pantothenic acid in 
a “bound” or combined state in many biological materials 
and methods for releasing the vitamin from the combined 
state have been reported by several investigators (Penning- 
ton, Snell and Williams, ’40; Waisman et ah, ’42; Wright, 
'43). It may be mentioned tliat enzpnatic digestion of urine 
and feces did not increase tlie pantotbenic acid Amines so that 
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|)]' 0 !jiniiaT)]y all pantothenic acid excreted by the rat is in a 
or uncomhined state. 

Effect of 24% casein diets supplemented icitli 
Imv levels of pantothenic acid 

Since a purified casein free of pantothenic acid was not 
available, low levels of pantothenic acid equivalent to or 
yroater than the amount contained in the casein of the high 
]>rotein diets, were added to the 24% casein diet. All diets 
were prepared from 1 batch of casein and 4 dilfereut analyses 
(witli and without ether extraction) ivere carried out on each 
diet. Three casein levels (24%, 44% and 64%) were used 
and in addition 2 supplemented diets containing 24% casein. 
One supplemented diet contained slightly more pantothenic 
acid than either of the 2 higher protein diets ; the other con- 
tained twice as much pantothenic acid as the 44% casein diet 
and slightly less than twice as much as the 64% casein diet. 
The diets together with their pantothenic acid content are 
as follows ; 24^. casein diet containing 0.3 pg pantothenic acid 
per gm diet; 2 supplemented diets, 24% casein, with 0.9 and 
1.4 |ig, respectively; 44% casein diet, 0.7 pg; and 64% casein 
diet, 0.8. pg. 

Five litters of 21-day-old male rats were u.sed and observed 
until 120 days of age. T^rinary and fecal excretion of panto- 
thenic acid was measured at intervals throughout the entire 
ex]ierimental period, i.e., second, fifth, ninth, hvelfth and 
fifteenth weeks. 

Tlie data in table 3 .show, as expected, that growth ® and 
urinary excretion of pantothenic acid by rats maintained on 

' Rpeent studies have indicated the possibility of freeing beef blood fibrin from 
traces of pantothenic acid by washing with water or dilute acid. Piirt.her 
experiments are in progress. 

^ The group.s in this experiment were too small (5 rats per group) to obtain 
riiiieh significant data on survival. It may be noted that all other experimental 
groups rt‘ported have contained 10-15 rats per group. 100% of the animals sur- 
vived 00 days on the 04% casein diet and on the corresponding 24% casein 
supplemented diet (0,9 p.g per gm diet) j 00% of the animals survived the same 
period in the remainder of the groups. 
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tJie 24% cnsfin diois with or without supplements were pro- 
portional to the pantothenic acid content of the diet. This 
is in agreement with the studies of Henderson et al. (’42). 
However, growth and urinary pantothenic acid of littermates 
maintained on the higher protein levels (44% “ and 64%) 

T.UUjE 3 

Eff (if (Hi farif pri4vln- JrVvl and hnv Icrrln af pani othenlc acid on 


rxpTf 

’a sot n 


viUtnim i'iirrftPoi and pramth r// (h fiinenf rats. 



umnrp 

Panio- 
tluaiif* 
iioid ' 
{'fiiilpiit 

<}H 

! an N Alt 1 otii kn i v 

ACID /cs;'uat/ 24 niisd 

3? 1-; e A 1 . 1 ►A X TUT H E X I C 

AtUD /AG/I{At/ 24 ilRS.^ 

AV. body \VT. <tM 

Pay 

00 

Pay 

no 

Pay 

120 

Avprtif^f' Rttiiffc 

Avuuag** 

Raiij^e 


(\:a 

0.7 (14) 0.(M).9 

4.4 (14 ) 

3.2'-5.7 

79 

94 

98 

24: 

0.9 

1.0 (10) 1.1-2.1 

6.8 (39) 

5.7-8.4 

91 

135 

103 

24 

1.4 

1.0 (18) O.Sdl.9 

5.0 (IS) 

3.8^10.0 

95 

144 

191 

44 

0,7 

2.2 (13) 1.0^2.H 

7.3 (13) 

3.9-10.4 

107 

158 

185 

04 

0.8 

4,5 (25) 3.1-r).9 

10.9 (25) 

0.1-19,9 

112 

170 
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^ nrtt averages for (ietermiiialioiis earried out on the second, fifth, ninth, 

twelftli and fifteenth weeks of the exjtcrimeiit, Twentv-four-Jiour samples were 
])ook‘d for each dietary grtnip. NuinberH in jiarentheses refer to the number of 
rats on which the average is thaned. 


Avei-e markedly greater than on the 24%> casein diet with the 
corre.s])onding' pantothenic acid content (0.9 |jg per gun diet). 
When file pantotlienie acid content of the 24% casein diet 
was double or practically double that of the higher protein 
levels, growth and urinary pantothenic acid were approxi- 
mat<4y CHpnil to that produced by the 44%- casein diet hut 
wei’o still not equivalent to the results ohtaiued vvith the 
64Vc casein diet. Tii(>refore, it was concluded tliat the pauto- 
tlienici. acid content of tin* casein used in the puvifiod deficient 
diets does not ac<'ounl for all of the sparing action of the 

“It may be mcuitinjird that evtu-y weekly delcnniiiatioii of urinary pautothcmic 
uchl ior rjifs maiutaiiR-d tin tht* 4^1 Or custdn did was higher than the value obtained 
Irnm the {•orrcspuinliiig {-asi'in supjih'iacntcd di(>t (0.0 Ag per gm diet). 
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Jiig’h casein diets, althongli it is resjionsihle for part of tlio 
protective action observed. 

In regard to focal excretion of pantotbenic acid, the 
averages sliowed an ap]3arent increase ]n*oportional to tlie 
casein, l<!vo1. Tliis was not considered significant in view of 
11i(! niailced variability in fecal excretion (see fig. 1). The 
lendency of tlie fecal excretion to inereaso with age on tbo 
high protein levels may oi- may not result in an increased 
a\'erage valni' {com])are tables 2 and ?>). 

DISCUSSION 

Ida' data reported in tbis paper indicate that neitliei- in- 
(M-eased intestinal synthesis as measured by fecal excrelion 
nor a decreased vitamin loss by urinary excretion are 
res])onsible for the spai’ing action of high casein diets on the 
pantotlienic acid requirement of the rat. Furthermore, the 
pantothenic acid content of the casein used in the purified 
diet, wliile exercising an effect, cannot account for the pro- 
tective action of such diets. Therefore, it would appear that 
there is a real decrease in the pantothenic acid requirement 
of the rat wlien higher protein intake occurs. 

It is, of course, possible that some component of casein may 
replace or be converted to pantothenic acid in the body in a 
niannm- similar to the trypto)dmne-niacin interrelationship 
(iCi'chl et ah, ’40). This would explain the increased urinary 
excretion of ]iantothenie acid on the high casein diets. It is 
also possible that this increased urinary pantothenic acid ex- 
cretion may be merely a reflection of the increased food intake 
on such diets, an inci'ease caused by some faetor(s) concerned 
in the efficient utilization of pantothenic acid. Such a factor 
mig’ht be a known or unknown component of casein as previ- 
ously suggested (Nelson and Evans, ’45), e.g., amino acids, 
phosphorus, or unknown factors similar in their action to 
biotin and folic acid which are reported (Wright and Welch, 
’4;-), ’44) to bo necessary for pantothenic acid utilization. It 
has also been suggested recentty (Wright and Welcli, ’46) 
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that the necessity of a protein substrate for pantothenic acid 
combination in )>]ood and tissues may explain the sparing 
iiction of high protein diets. On the other hand, the observed 
sparing action may actually be due to the decreased level of 
earboliydrate metabolism. Further investigations of these 
possibilities are in progress. 


.SUMMARY 

Studies of urinary and fecal excretion of pantothenic acid 
by deficient rats maintained on purified diets differing in 
casein level gave the following results: 

1. TTrinary ]:iantothenic acid excretion was significantly 
higher on diets containing 64% casein than on diets con- 
taining 24% casein and pai-alleled the increased growth and 
survival observed at the higher protein level. Urinary excre- 
tion increased with age on the 64% casein diet. 

2. Fecal pantothenic acid excretion was higher when r'ats 
were fed than wdien they were fasted and was notable for its 
variability. During the first 90 days there was no significant 
difference in fecal excretion, regardless of the casein level. 
With increasing age and body weight there was a tendency 
for fecal output to increase oti the higher protein level. 

S. When intei’inodiate levels of casein were used, growth, 
.survival and urinary pantothenic acid (but not fecal panto- 
Ihenic acid) were proportional to the casein level. 

4. Wlien low levels of pantothenic acid equivalent to that 
present in the high casein diets (by microbiological assay) 
were added to the 24% casein diet, growth and urinary panto- 
thenic acid were not equal to those observed on the higher 
casein diets. When approximately double the equivalent 
amount of pantothenic acid was added to the 24% casein diets, 
the results were equivalent to those observed at the 44% 
casein level but were still not equal to those at the 64% casein 
level. 

Neither increased intestmal synthesis of pantothenic acid 
a.s measured by fecal excretion nor a decreased vitamin loss 
by urinaiw excretion are responsible for the sparing action 



PANTOTHENIC ACID REQDXREMENT OF RAT 


203 


of liigli casein diets on the pantothenic acid re<|iiirenient of the 
rat. file pantothenic aeid content of the casein used in the 
purified diet while exercising’ an effect can not fully account 
for llie protective action of such diets. 
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TJie relation of tocopherols or %ntamm E to vitamin A 
utilization was first repox'ted by Moore ( ’40) after he observed 
that a lack of adequate vitamin E in the diet of rats receiving' 
vitamin A supplements was associated with low reserves of 
vitamin A in the liver. Results of studies carried out the 
following year in cooperation with Davies (Davies and Moore, 
’41) showed that in the livers of rats maintained on a diet 
deficient in both vitamins A and E, the vitamin A store dis- 
appeared much more rapidly than did that from livers of 
aiiinuds reccuving dl-a-tocopherols. It was pointed out by 
these authors that the toeo]jliei-ols had been used in vih’o for 
stabilizing solutions of vitamin A in fats and that these sub- 
stances might possibly exert a similar effect in vivo. The 
ixitcr-redationship of vitamins A and E was .subsequently 
studied by Baeharach (’40), Shei'man (’41), Quackenbush 
et hi. (’42), Hickman et al. (’42, ’44), Grugg-enheim (’44), 
Harris et al. (’44), Popper and Volk (’44), Gridgeman (’44), 
Sander.s et al. (’44), Dattatreva Rao (’45) and Kemmever 
etal. (’47). 

The object of the work presented in thi.s paper was to 
inv(>stigate further the eovitamin activity of tocopherols as it 

^ This material was proseuteil at the American Chemieal Soeiety Meeting, Bep- 
t ember, 194h, at Chicago, 111. 
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is roflcoted in increased growth and in the storage of \dta- 
niin A in the livers of rats. These experiments have been 
designed to test previous findings reported concerning' vita- 
mins A-E synergy and to gain additional information regard- 
ing the mode of action of vitamin E. More specifically the 
objectives of this study are: (1) to determine the effect of 
ioco])horol.s on the growth response to vitamin A; (2) to in- 
vestigate the infiuence of the tocopherol content of the diet on 
Ihe growth obtained with the U.S.P. bioassay procedure for 
vitamin A; (M) to determine wliether increasing amounts of 
vitamin A will compensate for a lack of \’itamiu B; (4) to 
olrscrve the eovitamin activity of tocophorols administered 
with vitamin A at ditferent iuteivals of tinre and by various 
nndhods; (5) to investigate the effect of tocopherols on the 
storage of vitamin A in the liver of the rat rvhen given in 
combination Avith A'itamin A to animals sulisi sting on a A'ita- 
min A-E deficient diet. 


PROCEDURE 

The general procedure inA'olved in those expei'iments is out- 
lined beloAv and all doAnatioiis from this procedure AA'ill be 
discussed in detail in se])arate sections under “Eesults. ” 

In order to ol)serve the effect of tocopherols on Autamin A 
it Avas first necessai'y to maintain the experimental animals 
on diets deficient in botli Autamins until the animals shoAved 
signs of Autamin A deficiency as manifested by declining 
AVeight. The standard U.S.P. diet for vitamin A bioassay Avas 
nsed Avith the folloAving modifications: (1) Jones and Poster 
(’42) salt mixture Avas substituted for that described in the 
Pliarnmcopooia ; (2) 6 U.S.P. units of vitamin D (irradiated 
ergosterol) per gram of ration Avere added and (3) the yeast 
and stareli AAau'o Avashed Avitli acetone. The type of A'ogetable 
oil Avas vai'ied ; diet 1 contained olive oil, diet 2 cottonseed oil 
and diet d coiti oil. dhie tocopherols Avero eliminated from the 
di(‘t by substituting olhuf oil for cottonseed or corn oil. To 
be certain that the ration containing oliAm oil \A'as deficimit in 
vitamin E, groups of males and females Avere raised to 
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maturity on tliis diet and mated. No litters were born, where- 
as, a eomparable group of rats raised on a similar ration, 
.supi»lemeutod will] O.o mg daily of mixed tocopherols cast and 
i-earod iioiTinal Jittej’s. The same lot of olive oil was used 
througlioiit the experiment. 

Wt'iinling rats, distributed approximately in ocpial numbers 
accoi'ding to sex (unless otherwise stated), age, and weight, 
were maintained on diet 1 in air conditioned quarters {Zo^'P., 
40(.t relative humidity). When their weights remained sta- 
tionary or declined for a period of 7 successive days the rats 
wei'c ('onsidei'ed to lie deiiloted of their vitamin A reserves. 
This ]'e(|nii‘ed from 25 to 35 days. The rats Avere then divided 
into exiierimental groups and treated rvitli various supple- 
ments for a 28-day test period. The oil diluent employed in 
juhninistering the vitamin A and mixed tocopherols was the 
same as that used in the ration; either olive, cottonseed or 
corn oil. The supplements Avere made fresh each Aveek and 
stored under COo in the refrigerator Avhen not in use. 

It has heen reported that the Autamiu E couteut of oils 
Auii-ies Avidely (Sherman, ’41; Dattatreyo Eao, ’45) and in 
conseijiience an etfoi't aauis made to aseei'tain the effect of this 
variiition on gi'OAvth. WheneAmr a Autamin A supplement Avas 
used, it AViis either the IJ.S.P. Eoference Oil II or a vitamin A 
distillate “ (no. 78794) diluted in oHa’c oil. The Autamin E 
sup])lement was a mixture of natural tocoplierols.- Witli 2 
<‘Xcoj»tiou.s all vitamin E supplements Avere giAmu in 1 of the 
A’egetahle oils and adininistei'cd orally. In 1 experiment 
described in Section I, the tocophoi-ols Avore fli'st dissolved in 
cottonseed oil and then incorporated in the diet. In another 
experiment wliei'e the vitamin was administered by injeetion 
(Section III) the tocopherols Avere .solnhilized Avith “TAVoen 
20” and given in an aqueous solution. 

M)btaiiKMl from Distillation Prottuets, ‘Roclietiter, N. T. 

from Allas Powder Coni]»any, Wilmington, Delaware. Twelve gm 
ef “Tween iiO “ were mixed with 970 mg of a i\\% Kolntioii of natural mixed 
toeojiherols eoneeiitrate and mad<‘ to a volume of 100 ml with distilled water. 
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ItERtILTS 

/. The siipplfii/entarij action of tocopherols tcheii 
administered to vitamin A depleted rats receiving 
the U.S.P. Reference cod liver oil 

I'lio auiuiiiLs receiving diet T (tal)le 1) witliont tlie addition 
of tocopLerols, made an averagt* increase in weight of 16 gm 
as compared with the 29 gm for a comparalile gronp receivijig 
the iocoiherol supplement. TJiis indicates that under the 
conditions of the experiment, tocoplieroLs were neeessaiy for 
f)ptimmn utilization of vitamin A.. Tt was also noted that 
varial)le responses were obtained Avhen the cottonseed oil diet 
(di(>t IT) was used. The data show that the supplementing' 

TABDE 1 

Thr snitpif'inrnttirij tffert of tneophrroU addrd to olvve^ cottonseed and corn oils 
fUh the growth response of vitamin A depleted rats receiving 
U.iS.P. deference cod liver oiL 


ftlMHJl' 

KO. 

xo. 

UAT^i 

DIET 

KO. 

TYPB OF 
VIWlETAUr-K 

oin 

tocopherol 

SUPPLEMENT ^ 

referenc-e 

OOD T.IVER 
OIL 

IVKIOHT GAIN- 
IN 28 »AVS 

J 


r 

Olive oil 

mff/rat/ihoj 

nnits/dug 

2,04 

//m 

10 ± 3.9 


14 

1 

Olive oil 

0.02O 

2.04 

20 ± 4.0 

•1 

17 

n 

( ^ottonneed 
oil lot T “ 


2.04 


4 

i:i 

H 

CottonMoetl 
oil lot I ® 

O.ll2o 

2.04 

±: 3.9 

.1 

:i2 

11 

Cottonseed 
oil lot IT 2 


2.04 

34 ± 3.2 

n 

HI 

n 

Cottonseed 
oil lot II “ 

0.3 (per 
10 grama 
ration ) 

2.04 

40 ± 3.0 

7 

21 

XU 

(’*(H'n oil 


2.04 

41 ± 3.4 

H 

20 

in 

Coni (til 

O.li 

2.04 

44 ± 3.3 


' Adiniitislt'ml in tt>nus of inixfd topopliprol f-ontent, 

Tivo din'oioiit lots of poitonsoed oil woro used in Ihoso studiths, 
* Slniuiard orrov. 
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()!' (lift n 0.025 mg' per day of locoplierols failed to 

increase tlie gnnvtli promoted by ilie vitamin A .supplement 
altbongh the addition of 0.3 mg of tbe vitamin per 10 gm of 
a similar ration containing anotlier lot (lot II) of cottonseed 
oil did iiiea.surably increase the weight response. From the 
similarity in growth i-esponses of the animals receiving- the 
ration nnsui)plemented with tocopherol in which 2 different 
lots of cottonseed oil were used (groups 3 and 5) it seems 
prohahle that the 2 samples of oil contained equal amounts 
of tocoyiherols, although the amount available was inadequate. 
It’ the data at hand justify a comparison of the 2 lots of oil, 
it. may he postulated that the 0.025 mg supplement nl’ toco- 
jilierol was Insufficient and that 0.3 mg were required for a 
further iiic-rease in growth. It should he pointed ont that 
tocoplierols incorporated in the ration (group 6) raeasurahly 
increased the response to vitamin A although Hickman and 
associates (’42, ’44) have stated that the synergistic effect of 
vitamin E is more significant when fed separately. 

When the corn oil diet was used, the addition of toeopherols 
hud little effect on the rc'sponse to vitamin A indicating that 
tlie corn oil contained an adequate amount of toeopherols. 

These data show that there is sufficient \mriation in the 
tocoplier(d content of different types of vegctahle oils to affect 
tin- rate of growth of test animals during th(^ usual vitamin A 
assay ami therefore, this factor should he considered in the 
standard It.S.P. vitamin A assay. The data confirm recent 
evidence lliat dietary supplementation with an adequate 
ajiionnt of tocopherol is necessary in order to secu'-e maximum 
wiMght response to a given dose of vitamin A (Hickman et ah, 
’44; Handiu's et ai., ’44 j Hattati-eya Hao, ’4a), 

11. The (‘ffert of toeopherols on the groieth responxr 
of vitamin A depleted rats u'hen given inereasiag 
amounts of ritmuin A 

Prior to the 28-day treatment peu-iod all i-ats wore main- 
tained on diet I containing olive oil until depleted of vitamin 
A. The diet was unchanged during the .suhsocpient growth tost 
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excop , HI tJio case of aiiimaLs receiving daily oral supplements 
as nuluaited in table 2. One series of test animals was fed 
ocopi.erols orally at a level of 0.3 mg per day, tbe supplement 
It mg in combination with increasing amounts of vitamin A. 

_ le 1 a s ot the second series received comparable amounts of 
the I'l amin A sii],.]iloment without added tocopherol. The data 
show tliat the presence of tocopherols increased the growth re- 
sponse ot rats to vitamin A within certain limits. These data 

4 ()S imiT^ ^ vitamin A intake was raised above 

4.08 mills per day, the covitamin E activity was no longer 


TABLE 2 


'ilii f/J’fd 

of ioenphrroh on //„. ;,r„wth of vHamh, 

ichrn- jtivcii iurmifthifi nmimntu of vittuithi J. 

A dcpjctrf] 

.SrPi'LKMKN'T 

VITAAnX A 

WITH TOCOPItEIloUS 

1 0.8 Md/riAY/RAT 

WITHOUT TOCOPHEBOT.S 


X<>. rats Weight response 

in 28 days 

No. rats 

Weight respon&e 
in 28 days 

un{i.s/da>/ ^ 

0 

2.04 

4.08 

.^Mf) 

M2.04 

gni 

11 

+ 13 ± 3.1 “ 

+ ^^4 ± 1 .0 

4- ± 0.9 

~f" SO zi: 4.1 

19 +94 ±6.0 

17 

17 

21 

21 

21 

22 

!//n 

— 36 

+ 32 ± 5.6 - 
+ 54 ± 2.5 
+ S4 ± 4.5 
+ 87 ± 5.8 
+ 07 ± 7.0 

’ Tin- .SHrplowi'uts were Jilulrd hi olivu oil. 




“ iSt jonijird error. 


“rxL;:ri:‘z'r!: 

.11 .1 .■»■» aynevsirtic with 

defii-t' intakes of carotene. . . . There is a 

dchnite ratio Ixdween ca rotene and tocopherol intakes ; so that 
• 0 potency of larger quantities of carotene beimfirn r 
nun-eased quantities of tocopherol - Ti o ret 

OKtiiimm trtilizafion of large amounts of vitamin 4 it “.mt'Z 



TOCOPHETIOLS AND VITAMIN A UTILIZATION 


211 


111. The effect of tocopheroh and vitamin A 
Old ministered at vario-us time interral.<i to 
vitamin A depleted rats 

A. state of vitamin A depletion was pi-odiiced in all animals 
hv fee(lin,u' the F.S.P. diet containing' olive oil (diet I). The 
test animals were then divided into experimental g’ronps and 
treated for a 28-day period with equal doses of tocopherols 
and similar levels of vitamin A administered as indicated in 


TABLE I! 

Thr of ioeophrroJs and vilamin A ad nilniat vrrd at varUmn 

tima hif(‘rTalt< to vilanuti A doplrtcd rat.s. 


rannu* 

NO, 

TIMKS 
Tlt.KATKD 
I'FJl WEEK 

SLrPPLE.\rKNTS J 

WEinn'r oain 

NO. 

I4.\TS 

Totophorols 

Vitamin A 

28 UAYH 






(jm 

1 

35 

6 

None 

Daily — Oral 

+ 21 It 3.0 

o 

20 

() 

Daily Oral 

None 

— 8.5 

;i 

37 

() 

Daily Oral 

Diiily — Oral 

+ 48 ±; 2.8 

4 

38 

() 

Daily Oral A.M. 

Daily -- Oral D.M. 

-f 43 ±: 3.1 

r» 

IS 

3 

Mon., Wed., Pri., 
Oral 

Tues., Thiirs., 

Sat., Oral 

4 - 30 ± 3.3 

d 

10 

o 

Wed., Sat., Oral 

Wed., Sat., Oral 

d- 37 ±: 4.5 

7 

10 

o 

Wed., Sat., Oral 

Mon., Tlinihs., Oral 

d- 37 ± 3.7 

s 

57 

(5 

Daily — Injected 
(SoluhiliKtnl 
toc{»])herol ustal ) 

Daily — Oral 

d- 40 ±: 2.4 


SS!i|»]>](‘!ueiits — tocopherols — 1,H nig per week; vUnnuii A — units per 

week. Tills wns erpiivi'ileut to O.H mg tocopherols tlailv and tl.04 units of vitamin A 
daily. 

“ Standard error. 


talde 3. With the exception of the aqueous tocojihei'ol used 
for injection (group 8) all supplements were diluted in olive 
oil and given orally. 

Two control groups (1 and 2) were included, the animals 
of 1 group 1 ‘eceiving vitamin A only, Avhile those of the other 
group received the tocopherols alone. It may he obsenmd that 
vitamin A promoted some growth in the test animals while 
the animals which were given tocopherols folloAving complete 
deprivation of vitamin A lost weight. The animals of group 3 
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"wliicli served as a positive control or as a standard of com- 
parison received orally oacli day both vitamin supplements 
dissolved together in olive oil. As would be expected these 
animals responded with a maximum gain in weight. 

The mode of treatment was modified for the animals of 
groups 4, 5, (5 and 7 in that although they received the same 
amount of vitamins A and E jier week, the interval of admin- 
isti'aiiou was varied. From the results obtained it appears 
that loeopherols given separately exerted slightly less syn- 
ergistic activity than when given in combination with vita- 
min A. It should be pointed out, however, that the difference 
involved was too slight to be truly significant. Hickman et al. 
( ’42, ’44) reported that the swiergistic effect of vitamin A and 
E was definitely reduced when they were fed on alternate days 
rather than simultaneously but the obseiwations of these 
authors were made while using somewhat smaller doses of 
the vitamins. 

Daily parenteral injection of an aqueous solution of 
toeopherols with oral administration of vitamin A was em- 
])loyed with animals of group 8. The average weight responses 
of the animals receiving this treatment were slightly lower 
than optimum but not significantly different from the average 
gain of tile groups given both supplements orally. 

Tile conditions of these experiments have been desigaied to 
gain additional information conceniing the site and meelia- 
nism of eovitamin E activity. Both Quackenbnsh et al. (’42) 
and Hickman et al. (’44) have postulated that the action of 
tocopherol is a chemical one probably occurring in the gastro- 
intestinal tract. Hickman based his conclusion on the reduced 
synergism he observed when the vitamin and covitamin are 
given at different times or by different routes. The present 
data fail to corroborate these observations, however, and the 
response noted when tocopherol was injected parenterally 
suggests that its supplementary action on vitamin A is not 
confined to the digestive tract. A publication by Popiper and 
Volk (’44), in which it was reported that iliiorescent micro- 
scopic examination of the rat intestine showed no increased 
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absoi-ption of vitamin A after the administration of toco- 
pJierols, lends indirect support to our findiuM'^. It appears 
tliat tli(‘ coviiamin activity of toeo2ilierol is more extensive 
in scope tlian has been generally assumed and is not a simple 
cliemical reaction limited to the digestive tract. 


IV. The effect of tncopherols on the storage of 
vitainin A in the liver of the rat 

Willi the exception of 2 groups of male rats (groups 15 and 
K!) wliich had been included for the purpose of comparison, 
fi-males were used exclusively for the studies on liver storage 
of vitamin A. All experimental animals were provided with 
diet 1, the IJ.S.P. vitamin A-free diet containing olive oil, 
until depleted of vitamin A. The test animals Averc then 
divided into groups and the animals of the respeetwe groups 
were treated as indicated in table 4. In this treatment the 
same diet was continued but a daily supplement of vitainin A 
distillate in olive oil alone or in combination with tocopherols 
in olive oil was given orally. The daily alloAvanco of toco- 
pherols was maintained at 0.3 mg hut the level of vitamin A 
i-anged from 63 to 4,000 IT.S.P. units. The animals comprising 
groups 1-12 Avere treated for 3 days Avith daily supplements 
of the vitamin A distillate administered alone to 1 group and 
in combination with tocopherols to a comparable group, the 
vilamin A supplement being increased AAith each succeeding 
jiair of animal gToup.s. After 3 days of Autamin sniiplementa- 
tiou the animals AAmre rested for 1 day and on the fifth day 
AA'ere killed by decapitation. The liA’ers from each group of 
vats AA^ere Aveighed, pooled, homogenized in a Waring hlendor 
and samples taken for the determination of vitamin A. The 
method used for the estimation of vitamin A in liver tis.sne 
has been outlined in a previous publication (Lemley, Brown, 
Bird and Emmett, ’47). 

The results presented in talile 4 indicate that the effect of 
tocopherols on the storage of vitamin A in the liver of the 
rat, cannot be demonstrated when a short term supplementing 
Iieriod is employed. In some instances the animals reeeiAung 
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tocoplievols had slightly largei* Hvei* stores of vitamin A than 
those treated with vitamin A alone. For example, those ani- 
mals which had received vitamin A supplements of 4,000 units 
daily stored 4,150 iinits of vitamin A, while those receiving 
tocophorols in addition to this vitamin A supplement were 
found to liave an average of 4,480 units in the liver. The.se 


TABT-E 4 


Thf^ 

of loeopht 

rol rm the 

Hioraiif' of 

ritnmhi A 

in the. liver 

of the rat. 




TI 

•RATM.ENT 


IdVER 
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VIT. A 
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(.'Uiit P NO, 

NU. KAT.S 
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Tocoph- 
Grol sup- 
ploment 

Yi tain in 

A su})- 
plnment 

VIT. A 




1 routine lit 

T.IT. of A/ 
Total livor 

1 

4 

F 

Three days 

OA) 

xni'dff/ iUti) 

03 

0 

0 

o 

5 

F 

Three days 

0.3 

03 

0 

0 

8 

(> 

F 

Three days 

0.0 

250 

301 

40.0 

4 

6 

F 

Three days 

0.3 

250 

245 

32.7 

5 

7 

F 

Three days 

0.0 

500 

525 

35.0 

<» 

7 

F 

Three days 

0.3 

500 

520 

34.8 

7 

8 

F 

Three days 

0.0 

1000 

960 

32.7 

S 

5 

F 

Threti days 

0.3 

1000 

1032 

34.4 

p 

8 

F 

Tliree days 

0.0 

2000 

1835 

30.6 

10 

8 

y 

Thv(u‘ days 

0.3 

2000 

2360 

39.4 

11 

8 

V 

Throo days 

0.0 

4000 

ll.Yl 

34 .6 

V2 

8 

y 

'1'Iin‘e days 

0.3 

1000 

•14S0 

37,3 

18 

S 

y 

'riiree iiieiit Iis 

0.0 

100 

718 

10.0 

11- 

N 

y 

'I’lii'pe tueiitli.s 

0.3 

1,00 

J22S 

17.0 

1 ,1 

i 

M 

Thn^^ moalli.s 

0.0 

100 

495 

6.9 


1 

y\ 

Thre(> niuiitlis 

0.3 

■jOd 

13(;0 

:I8.9 

17 

4 

y 

Six niontlts 

0,0 

1l)ii 

2270 

15.8 

:\H 

JO 

h-' 

Six iBOllUlH 

0.3 

100 

3400 

23,6 

111 

U 

y 

Six moil Ills 

0.0 

200 

6088 

24.3 

lit* 

10 

y 

Six months 

0.3 

200 

9025 

31.3 


differences are not considered significant, however, since it 
lias lieen reported that large variations in liver reserves of 
vitamin A are found in similar animals receiving identical 
troalmerd,s (Bacharach, ’40). 

It should 1)0 pointed out that in these studies large do.se.s 
ol vitamin A wt-re employed in order to produce ap])recia])le 
liver storage in a short time and that any increase in the 
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liver content of vitamin A cine to the addition of tocopherols 
would he relatively slight. The data in table 4 indicate that 
there is no marked henelit resulting from taking vitamin A 
and E together at doses sufficient to cause vitamin A liver 
storage although there does appear to bo a trend toward 
higher liver stores when tocojiherols are given with daily 
(loses of t,(htd to 4,000 units per day of vitamin A. But, as 
has boon mentioned above, these differences ai*e not sig- 
nilicant. 

Guggenheim { ’44) lias recently reported that the daily ad- 
minisl ration of vitamin E in combination with 100 units of 
vitamin A on 2 successive days increased the liver storage of 
vitamin A. After the vitamin A ivas given alone he found 
18.5 units per gm of liver tissue but when the same amount of 
vitamin A was fed with 0.1 to 10 mg- of tocopherols, the liver 
reserves of vitamin A ranged from 22 to 45 units per gm of 
tissue. In the experiments of this author lower doses of 
vitamin A were used and the effect of tocopherols became 
a]ipareiit, although our results indicated that tocopherols 
given with higii doses of vitamin A had no noticeable effect 
on liver storage. 

In the later experiments a longer treating period, either 
;] or (1 mouths, was adopted. After the animals had boon 
dejileted of vitamin A they -were maintained on diet I sup- 
plemented as indicated in table 4. In order to be certain that 
vitamin E was not present in the basal diet, brooding records 
were also kcmt on representative females from groups 13, 14, 
15 and Id. Six of the females in group 13 which Avere being 
fed an olii'c oil diet nnsupplemented ivith tocopherols became 
pregnant hut no litters wmre cast, thus indicating that re- 
sorption had occurred owing to a lack of idtamin E. Six of 
the 8 females in group 14 receiving daily supplements of 
tocopherols bore normal litters. The breeding records of the 
animals in groups 13 and 15 definitely established the de- 
ficiency of vitamin E in the diet. After the rats had undergone 
treafment for 3 months they were killed and the livers were 
assayed for vitamin A, the livers from the 2 groxpis of males 
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(groups ]■) and 1(!) being’ siinilai’ly assayed. It was tliouglit 
tiiat pregnancy and lactation mig’lit affect tlie vitamin A 
storage altility of the females but when their liver reserves 
wei-e determined and compared with those of males, similar 
vitamin values were noted. In consequence it was assumed 
that altlioug’li these animals had previously been used for 
breeding’ e.\-pe]'iinents the storage of vitamin A in their livers 
was a r(‘liable indication of the effect of tocopherol treatment. 
From tlie results reported in table 4 it can be seen that the 
feinales depleted of tocopherols (group 13) stored an average 
ot /18 units ol vitamin A while the feinales of group 14, which 
had received the tocopherols, stored 1,228 units and likewise 
the addition ot tocopherols to the diet of male rats raised 
the liver content of vitamin A from 495 to 1,360 units. It 
was, thei’efore, concluded that the daily administration of 
0.3 mg of tocopherols over an extended period (3 months) 
increased the liver storage resulting from a daily intake of 
100 units of vitamin A. 


The storage of vitamin A in the livers of the rats was also 
determined after feeding a daily supplement of 100 or 200 
units of vitamin A alone or combined wdtli 0.3 mg of toco- 
pherols for a period of 6 months. The effect of tocopherols 
leeding on (he storage of vitamin A is evident when one com- 
parers the average liver storage of 2,270 units as reported for 
(he animals of group 17 on vitamin E deficient diet w'ith a 
storage ot 3,400 units as found for the animals of group 18 
which had received the tocopherol supplement. Similar re- 
su ts were obtained when the vitamin A intake was raised to 
-00 units daily. The data presented in table 4 show that 
aimnais (reatecl for G months stored approximately 3 times 
as mneh vilarmn A in tlieir livers as did similar animals which 
had been treated for only 3 months. This increase occurred 
mespectiye of tocopherol supplementation and the effect of 
tocopherols on the livej- storage wns some-what less significant 

the^omrf r/ period than it had' been at 
the end of the o-month period. It may also lie noted that the 

nicrease m liver storage promoted by the iuclmsion of 
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tocoplierols was loss when a daity level of 200 units of vita- 
min A was given tlian when the previously mentioned 100-nnit 
daily supplement was employed. In other words, in these 
experiments the favorable effect of tocopherols on the storage 
of vitamin A in the liver of the rat was diminished by extend- 
ing the supplementing period and by raising the daily intake 
of vitamin. A. It is probable that the covitamin activity of 
toc<)])lierols would have been more ])rouounee<l if smaller 
quantities of vitamin A had been employed, as Hickman et al. 
( ’44) have stated that the A-E synei’gism is more active at 
lower doses of vitamin A. 

These experiments confirm the prei'ious reports of Moore 
( ’40) and Bacharach ( ’40) that tocopherols inerease the 
stoi-age of vitamin A in the liver of the rat when treated for 
long periods; however, we have been unable to demonstrate 
any effect of tocopherols when the rats are treated with vita- 
min A for only 3 days. 


STIMMAEV 

1. Growth studies indicated that when vitamin A wnis fed 
at a daily level of 2.04 units to rats receiving a vitamin A-E 
fi-ee diet, the addition of tocopherols caused a further increase 
in weight. 

2. Variable growth, responses to' comparable supplements 
of vitamin A Avere obtained when different types of vegetable 
(»il were included in the U.,S.P. vitamin A free diet. When 
the IT.S.P. diet eontaining either olive or cottonseed oil was 
used, daily feeding of 0.3 mg of tocopherols increased the 
weigiit gain promoted by a vitamin A. supplement but the 
addition of tocopherols to a corn oil diet had no effect on the 
growth of rats receiving vitamin A. 

3. The supplementary effect of tocopherol administration 
on growth Avas apparent Avhen vitamin A Avas fed at Ioav levels 
but this effect gradually disappeared Avitli an increasing- in- 
take of vitamin A. 

4. Tocopherols exerted a supplementary effect on vitamin A 
utilization whether the vitamin A and tocopherols Avere given 
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togotlior or on separate days. A water soluble preparation of 
toeoplieroLs administered by injection was also shown to in- 
eroa.se the growth response to Antamin A. 

5. The stoi’age of vitamin A in the liver of the rat was in- 
erea.sod A\dien toeopberols were given with Antamin A for an 
extended period. 
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METABOLISM OF WOMEN DlIBINO THE 
EEPRODLTOTIVE CYCLE 

XllT. THE TJTITAZATION op niacin mjRING TiACTATlON ' 

MAKGARKT COEAELL, ClIAELOTTE EODEEIJCK, MATiT ELLEN BAEEIS, 
SOL MILLER, MARJORIE M. KUTLBIJGE, HAROLD H. WILLIAMS “ 
AND ICIE G. MAOr 

TirKcarrli Laboraiory, Children’s Fund of Michigan, Detroit 
(Eoeeivcd for j)ubli<-atioi) Marcli 27, 1947) 

Following the discovery by Eb'chjem, Madden, Strong and 
Woolley ( ’38) that niacin could cure canine blacktongue, the 
counterpart of human iiellagra, this vitamin has been used 
extensively to treat pellagra and associated deficiency states 
in human beings. Since niacinamide is a component of 
coenzymes I and II, it has been generally assumed that its 
meiabolism is closely associated with tissue I’ospiratory mech- 
anisms involving these jiyridine nucleotides. 

Hamilton and Hogan (’44) found that niacin and choline 
were necessary for successful lactation in the hamster but 
little has been done to test any possibility of a relationship 
between niacin metaliolism and lactation. In efforts to expand 
available knowledge of the composition of human milk and 
the metabolism of women during the reproductive cycle, we 
have determined the amounts of niacin in the 24-hour intakes 
of food, secretions of milk and excretions of urine liy liealthy 
mothers who were successfully nursing their infants. 

^Tlip iiiveHtigatioii rejiresentetl in })ai*t hy this paper was partially sujiported bv 
a. grant troni The Nutrition Foundation, liic., and was made possible by the eo- 
Operation of P. Pratt, Chief of the Departnuait of Obstetries; B, llainil, 
.Dopjirtnient of Pediatries; Elizabeth Moran, Director of Nurses, and Annie 
Lou Wertz, dietitian, all of the Henry Ford Hospital, X)oiroit. 

"Now ]U'ofessor, Di^partinent of Biochemistry, Cornell Cniver.-ity, Ithaca, N. Y, 
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PEOCEDUEE 

Niacin intake, secretion in milk and excretion in urine 
were studied with 7 healthy nursing mothers during the first 
10 days postpartum and with 9 women during periods of 5 
consecutive days 2 to 10 mouths postpartum. Earlier papers 
have i)resented the organization of the study (Macy, Williams, 
Pratt and Hamil, ’45) the method of manual expression used 
in collecting the complete 24-liour secretions of milk (Davies, 
’45), tlie diets and prepai'ations of the food and milk (Kau- 
chor, Moyer, Richards, M^illiams, Wertz and Macy, ’45), 
urine (Eoderuck, Williams and Macy, ’4G), and the concen- 
tration of niacin in immature and mature human milk 
(t’oryell, Harris, Aliller, 'Williams and Macy, ’45). 

METHODS 

The preparation of the milk samples for assay and the 
microbiological procedure em])loymg Lactobacillus arabinosus 
have been described (Coryell et ah, ’45). 

In each 5-day period of study all subjects received diets 
comparable in food distribution but adjusted in level so that 
the appetites of the women, were satisfied. Aliquots of each 
serving of every food eaten during a 5-day period were 
collected, combined, ground and thoroughly mixed. For the 
analyses for niacin, pantothenic acid and biotin,-* a 400-gm 
(piantity of the food coniposite was homogenized in a Waring 
Blender, transferred quantitatively to a 500-ml volumetric 
flask and diluted to volume. Duplicate aliquots (5 ml) were 
pipetted into 250 ml Briemneyer flasks, 50 ml of 2 F sulfuric 
acid added to each flask and the mixtures autoclaved for ,3 
hours at 15 pounds ])ressure. After cooling, the contents 
were brought to pH 5.0 wflth sodium hydroxide, diluted to 
500 ml with distilled water, and filtered through Whatman 
no. 42 pa])er. Tlu; dilution of the filtrate was made 1 ; 200 or 
1:250 before as.say. Quantities of 1, 2, 3, 4 and 5 ml of the 
diluted filtrates, in duplicate, wore placed in 10 assay tubes 

"Papers presenting tlie results fur biotin and pantothenk*, aeid are being 
j prepared. 
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JUKI stniulard amounts of liasal medium added. After auto- 
elaviug tlio tubes were inoculated, incubated, and the growths 
measured turbidinietrically and titrimetrieally as deserilied 
for milk. 

Control e.xperiments with the food composites sliowed that 
hydrolysis witli liydrocliloric oi‘ sulfuric acids of 1 N or more 
gave maximum niacin values, that is, values er|uivaleiit to 
tiiose obtained with alkali hydrolysis. Krehl and Htrong (’-t4) 
and Krehl, Elvebjem and Strong- (’44) have shown the pres- 
ence of a naturally occurring precursor of niacin in certain 
biological materials, notably cereals, -svluch is a])]>areutly 
utilized by the animal organism but not by L. arabitinsita. 
lIoAvever, the question of its complete utilization by the 
animal organism is controversial. This precursor, presumably 
an alkyl ester of niacin, is labile to alkali or sti’ong acids but 
not appreciably to Aveak acids (0.1 N). With the food com- 
posites analyzed, autoclaving Avith 0.1 N liydrochloric acid 
for 30 minutes gave A-alues Avhich averaged loAver than 
those obtained after autoelavung Avith 1 N or stronger acids 
for the same time. Since the use of 2 N sidfuric acid for 3 
lionrs Avas found to be optimum for the release of bound biotin' 
and gaA'e values for niacin identical with those obtained 
using 1 N acid for 30 minutes, the hydrolysis Avith stronger 
acid AA-as used in tlie determination of both vitamins. Sodium 
liydroxide was employed to neutralize the sulfuric acid, since 
the values were found not to differ from those obtained 
using barium hydroxide. 

Aliquots of the 24-hour collections of urine were filtered 
and the pH adjusted to 6.5 to 7.0 then diluted to suitable 
concentrations, usually 1 : 20, and assayed by the miero- 
l)iological procedure described for milk. The Auilues ob- 
tained by this method represent niacin, niacinamide, and 
any nicotinuric acid present. As with the milk, no attempt 
Avas made to differentiate between these 3 metabolites in the 
urine. 


See fuotiiotff ]b 
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Ivjiowleclge oonc-eiuiiiig tlio fiiioresoont iiieotiiiic acid metabo- 
]ite in tlie urine, ]ioted in 1940 by iS^ajjar and Wood and in 
.1940 designated as Fo, was limited until Hulf and Peidzweig 
(’43a) isolated 'X'-metliylnieotiuaniide chloride® from urine 
and ideniitied it as “F^,” or its immediate pre(;ursor. Semi- 
(luanlilative valiu's for F’-methylnicotinamide in urine Avere 
tibtained foi- 14 b-day periods by a method similai- to that 
ol lluti and Perlzweig (’43b), in coujimotiou with tliiamine 
(leterminatioiis whicli lun'o boon published (Koderuek, Wil- 
liams and Alaey, ’45, ’4G). The blaiik employed was the sultite 
blank of Mason and Williams (’42). The eluate was treated 
with alkaline ferricyanide aceoixling to the thioehrouie ])ro- 
eedure. According to Najjar and Ketron (’44) the sultite 
destroys some “Fo” and the foiwicyanide converts '‘FP’ (a 
p.midijie derivative) hito pyridone, Avhich possesses only 21% 
of the original fluorescence. Control experiments sltOAved the 
destruction of N^-methyhiieotinamide bv the sulfite to be 
rather variable, averaging 23%. The decrease in (iuoresconce 
as a result of ferricyanide treatment was uniform, averagiim 
Avhether standard solutions of Ni-methylnicotinaniide ov 
urine samples preAdously treated with sulfite Avere employed. 
It an aAmrage of 23% of the N’-methylnicotinamide in the 
urine was destroyed by the sulfite treatment aiid of the 
remaining 77% only 24% of the resulting fluorescence re- 
mained after forri(*yanide treatment, the values obtained for 
A -methylmcotinamide in the urine, using the sulfite, are 
lower than with tliose Avhich Avonld be obtained using 
tlie more commonly employed Avater blank. Since this work 
Avas completed a more relialilo method of analvsis has been 
pubhslied by Hutf and Perlzweig (’47). 


RESULTS AM) DISC’USSTOX 

The volumes of milk and urine collected each 24 hours 
during the first 10 days postpartum and tlieir niacin contents 
are given in table 1. Values for N>-methylnicotinamide in 

= TU„ X’-)nethylmooti„au,i.le ehloricle against which the quinine sulfate solu 
tuws were stand Jtrdized was provided hv Dr. AV, a PerlnvL Dnvl Ti -1 
Medical School, Durham, X. C. lul/Aveig, Duke tTnivevs.ty 



TABLE 1 


Niacin excretion in urine and secretmi in mlih dnrin{/ first 30 <UvifS post])artmn3 


INTEnVAU 

VOLUMES 

NIACIN 

N^-METHVL- 

INTERVAL 

VimUMJGK 

NIACIN 

i’ChSTl'Ain’UM 

Frine 

Milk 

Urine 

e 11 no nil Hi: 

I’ ART UN 

Milk 

Urine 

Milk 

Itriiie 

iimfs 

ml 

tid 

mo 

mo 

wo 

da Off 

ml 

htf 

mo 

mo 



Subject : 

V.L. 




Suliject: V.K. 


1 

;i() 

1757 

0.04 

1.23 

1.4 

1 

9 

3086 

0.01 

0.74 

.> 

56 

2686 

0.04 

1.26 



90 

3651 

0.06 

0.79 



2759 

0.22 

1.33 

1.6 

M 

484 

2596 

0.30 

0.60 

4 

794 

1823 

0.41 

1.48 

1.2 

4 

547 

2427 

0.48 

0.70 

n 

844 

3847 

0.50 

1.41 

1,8 

5 

560 

2331 

0.65 

0.67 

6 

955 

2710 

0.64 

1.21 

2.6 

t» 

063 

2240 

0.98 

0.70 

7 

1047 

2841 

0.83 

1.45 

1.8 

7 

781 

3380 

1.34 

0.90 

H 

1098 

2066 

1.24 

1.15 

4.1 

8 

775 

3840 

1.80 

0.84 

p 

1318 

2151 

1.53 

1.64 

2.8 

9 

794 

3115 

2 22 

0.78 

10 

1200 

3669 

2.06 

1.47 

1.6 

10 

797 

3328 

2.31 

0,83 



Subject : 

v.s. 




Subject: ,T.M. 


1 

t> 

1869 


0.97 

1.7 

1 

35 

2182 

0.03 

0.87 

o 

92 

1874 

0.07 

0.88 

1.1 

o 

385 

1386 

0.19 

0.89 

0 

420 

2887 

0.24 

0.86 

3.7 

3 

870 

1519 

0.52 

0.S5 

4 

600 

2063 

0.38 

0.83 

1.9 

4 

1011 

1201 

0.74 

0.76 

i) 

697 

2065 

0.51 

0.92 

4.5 

5 

1121 

1283 

0.99 

0.87 

Ci 

756 

1502 

0.77 

0.67 

3,1 

6 

1325 

1172 

1.33 

0.73 

7 

818 

2524 

1.25 

0.92 

2,0 

7 

1287 

1161 

1.90 

0.97 

8 

837 

2237 

1.82 

0.73 

2.1 

8 

1136 

1520 

2.14 

0.96 

9 

032 

1984 

2.38 

0.78 

2.7 

9 

1258 


2.64 


10 

924 

2287 

2.78 

0.68 

1.7 

30 

1336 

1553 

3.31 

0.95 



Subject : 

L.F. 




Subject: 0.0, 


1 


2590 

0.05 

1.32 


1 

36 

1864 

0.01 

0.60 

0 

200 

1275 

0.12 

0.94 


2 

100 

939 

0.00 

1.01 

;; 

733 

2420 

0,66 

1.31 


3 

385 

1511 

0.21 

0.99 

4 

1122 

2075 

0.85 

1.12 


4 

595 


0.41 


.b 

1441 

3674 

1.21 

1.12 


5 

725 


0.70 


n 

1501 

1718 • 

1,56 

1.23 


() 

821 


0.84 


7 ' 

1596 

1340 

2.42 

1.18 


7 

798 

1470 

1.05 

0’S4 

8 

1638 

1810 

3.44 

1.25 


8 

950 

1127 

1.77 

0.90 

0 

1676 

1374 

4.47 

0.44 


9 

933 

1191 

1.92 

0.97 

10 

1872 

2220 

5.69 

1.31 


10 

660 


1,65 





Subject: 

Y.G, 


1 

82 

2067 

0.07 

0.69 

2 

177 

1689 

0.11 

0.72 

3 

849 

1775 

0.49 

0.78 

4 

1413 

1323 

0.82 

0.66 

5 

1471 

1303 

0.81 

0.83 

6 

1782 

1148 

1.07 

0,71 


1030 

1230 

1.28 

0.71 

8 

1895 

1237 

2.02 

0.6S 

9 

1828 

1104 

2.56 

0.61 

10 

1770 

1075 

2.79 

0.63 


'The fiivst duj post]>artum wns variable to tlie extent of 
•liffVrenei^s in tlie times at which the women delivered. For 
subjects delivered after 12 at. the first dav began the follow- 
ing^ morning. The first day for G.O. wjis'22 hours; for L.F. 
2.‘bi) hours. V.G. was delivered 8 hours before the beginning 
of the first daj postpartum; V.K. 17 hours; V.L. 5 hours; 
d.M. 16 hours? and V.B. 7 hours. 



Subject: M.B. 


9 

1189 1035 4.28 

Subject; E.L. 

O.50~ 

8 

688 677 

Subject: M.S. 

0.7G 

7 

ssn 1353 1.20 

Siibjeet; G.S. 

oS” 

7 

1017 1081 1.04 

Subject : P.W. 

oH' 

7 

953 1032 1.30 

0.81 
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11k‘ nriiio of 2 women cluruig the jiuerperiuin also are given 
ill table 1. For eaeli o-day period of study table 2 presents 
the average flaily energy intake, milk and urine volunu's, and 
the amounts of niacin in food intake, in tlie milk and in the 
urine. The amounts of N''-me1hylnU'otinamide determined in 
urine during certain iieriods are also included in talile 2. 
For intake of niacin both the values obtained by hydrolysis 
with weak acid, and those for niacin jilus its jirecursor, ob- 
tained by hydrolysis witli strong acid, are given in the table. 

The food (‘ateu by the mothers during the first 10 days 
l»osti>artuni provided averages for the 5-day periods of lo 
to 22 mg of niacin and its prei-ursor ])er day. The rujiid 
increases in the amounts of niacin secreted daily in milk 
portray both the increases in concentration ((Vnyell, Harris, 
Miller, Williams and Alucy, ’45) and volume during the 
pnerpcriinn. Niacin in the urine varied from day to day for 
tlie individual women but each subject seemed to have a 
characteristic level of excretion. During the iiuerperium 
neither secretion in milk nor excretion in urine show relation- 
shi]) with intake; nor do the daily amounts of niacin in 
urine show a relationshi]) to the volumes of urine or milk, or 
tli(‘ liuantity of the vitamin in the milk. 

For all of th(' women studied, during the imerperimn and 
wlii!(' they were secreting mature milk, tlie average daily 
intakes of niacin and its precursor during the 5-day periods 
ranged from bi.O to 22.4 mg as determined for the food eaten, 
and the enm-gy intakes ranged from 2250 to 2555 cal. ]ier day, 
thus the niacin intakes per 1000 cal. ranged from 5.0 to 7.8 rag. 
Tlie values for niacin in milk (table 2) show a general re- 
lationship to milk volume rather than to intake and illustrate 
the wide range of normal variation in the conpiosition of 
hnmau milk Irom ditlereut nudhers and from the same 
mother at ditfi'rent times. (Ireater amounts of niacin were 
excreted in the urine during the 2 5-day periods immediately 
[lostpartum than during periods later in lactation. 

The percentage of the average daily niacin intakes secreted 
in milk ranged from 1 to 2 for the first 5 days postpartum, 
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Table 13 

Awraiff (laiiif hiann intal^s, r.vercfiim in urine and fitertiion in 'niilk during SI 

,5 -dag ntiidg periods. 


XTAOIN MKTHVL- 



INTEKVATj 
1*0 ST' 
1‘ARTITM 

KNKien' 

1 NT A KE 

vnm 

JAfES 

Intake 

Milk 


Urine 


NTOn* 

TlNAAUnFi 

OTiEOIUDE 

Milk 

briiJH 

T(»tul ^ 

FriH' 

Urim* 


(IdifN 

t'<d. 

ml 

ml 

mu 

lUfJ 

m;/ % 

hiftdiU' 

mu 

intukc tiif} 

:m.o. 

72-76 

2547 

71S 

691 

14.8 

13.4 

1.34 

9 

0.35 

n 


i^F. 

1-5 

2850 

713 

2007 

18.5 

16.5 

0.58 

,3 

1.10 

6 



6-10 

2898 

1657 

1692 

16.1 

14.1 

3.52 

22 

1.08 

I 


v.u. 

1-5 

24 7 5 

798 

1631 

13.6 

12.4 

0.46 

3 

0.74 

5 



6-lU 

2445 

1781 

1159 

13.2 

ll.S 

1.95 

15 

0.67 

5 



7S-82 


848 

1281 

23.4 

20.9 

2.02 

9 

0.69 




161-165 

2873 

901 

993 

19.4 

17.1 

1.83 

9 

0.50 

2 

0,9 


239-24;:! 

2925 

681 

810 

1 7.0 

15.7 

1.16 

7 

0.48 

3 

4.4 


302-306 “ 

2827 

394 

1080 

18.7 

16.9 

0.64 

3 

0.51 

0 

4.6 

\LK. 

1-5 

2403 

338 

2818 

13.0 

11.7 

0.30 


0.71 

5 



6-10 

2381 

762 

3182 

1,5.0 

13.3 

1,73 

12 

0.81 

5 



95-09 

2822 

647 

2804 

14.6 

1,3.6 

1.30 

9 

0.52 

4 

0.8 


144-148 “ 

2806 

325 

1447 

14.7 

13.6 

0.56 

4 

0.48 

3 

2.4 

\LL. 

1-5 

;i]67 

415 

2174 

18.8 

16.6 

0.24 

1 

i.;i4 

7 

1.5 


6-10 

,3365 

1084 

2287 

22.6 

20.8 

1.26 

6 

l.,38 

6 

2.6 


68-72 

;1275 

789 

2849 

21.6 

19.0 

1.77 

8 

1.08 

5 

4.0 


152-156 

3253 

680 

1756 

0| 0 

18.6 

1.17 

6 

0.53 

2 

4.0 

.I.M. 

1-5 

3269 

684 

1514 

16.4 

15.4 

0.49 

a 

0.85 

5 



6-10 

:!412 

1228 

i:?52 

18.8 

18.3 

2,26 

12 

0.90 

5 



75-71) 

3225 

708 

2265 

20.2 

19.4 

1.57 

8 

0.67 

3 

4,7 


17;i™179- 

3559 

268 

2003 

20.5 

19.2 

0.52 

2 

0.08 

3 

5.5 

c.o. 

1-5 

2256 

354 

1438 

1 : 1.4 

12.6 

0.28 

2 

0,87 

6 



0-10 

2452 

832 

1263 

13.6 

13.8 

1.44 

10 

0.90 

7 


B.S. 

85-89 

2762 

1020 

1347 

19.1 

17.6 

1.71 

9 

0,56 

n 

,J 



204-208 

2825 

913 

1356 

18.9 

16,6 

2.00 

30 

0.63 

0 



259-203 

2918 

676 

1219 

20.6 

17.8 

1 .40 

7 

0.70 

,1 


:m.8 . 

58-62 

2735 

947 

939 

18.4 

16.7 

1.31 

/ 

0,48 

3 


u.s. 

80-84 

265:i 

899 

1078 

20.8 

19.5 

1.65 

8 

0.62 

,3 


v.s. 

]-'5 

3278 

363 

2152 

18.0 

16.2 

0.24 

1 

0.89 

5 

2.6 


6-10 

:1474 

853 

2107 

20.1 

18.6 

1.80 

9 

0.76 

4 

2.3 


70-74 = 

3350 

304 

1852 

20,1 

16.S 

0.86 

4 

0.63 

3 

8.8 


^ T(»t,al indieate8 free 4* piTeiirxor. Free iiiaem was obtained with 0.1 .V HCl. 
^ Jjaetation terminating. 
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witli 5 to 7% of the intake being excreted in urine. For the 
next 5 days niacin in the milk ranged from 6 to 22% of the 
intake but the average daily excretions in urine were com- 
parable to those of the preceding period. During the periods 
of mature milk production averages of only 2 to 10% of the 
intakes were secreted in milk, while only 2 to 5% was found 
in the urine. The data for healthy women receiving good diets 
do not indicate a relationship between intake and secretion 
in milk or excretion in urine, between secretion in milk and 
excretion in urine, or between urine volume and niacin con- 
tent. That the data represent the physiologic performance of 
average healthy women whose nutritional status was good 
before and after delivery is emphasized by the values for V.S. 
who throughout pregnancy and lactation, except for the inter- 
vals of study, was ingesting daily, in addition to a good diet, 
6250 I.U. of vitamin A, 3.6 mg of thiamine, 2.0 mg of ribo- 
flavin, 1000 I.U. of vitamin D, 10 mg of niacin and 0.5 mg of 
pantothenic acid. 

The lo\v values for niacin in the urine are in agreement 
with the findings of most investig’ators that “niacin” is quite 
low and uniform and has little relationsliip with intake, at 
least within a rather wide range of the latter. The urine 
“niacin” values include niacinamide and any nieolinuric acid 
(a conjugate of niacin with glycine) that may bo present, 
since L. arahinoffus can utilize all 3 forms. Based on cheniical 
dilTei’entiation, tin* pi-eseuce of nicotinnric acid in human 
urine undoT* normal conditions has been controversial. 

Eecently Johnson (’4-5) developed a microbiological jn’o- 
cedure using Leuconos.toc mesenferoidca in conjunction with 
L. arahinosiifi to differentiate between niacin, its amide, and 
the glycine conjugate. Using this method he Avas unable to find 
any nicotinnric acid in the urine of normal subjects, either 
Avhile they Avere ingesting average diets or folloAving sup- 
plementation Avith 50 mg of iiiacinamide per day for 5 days 
(Johnson, Hamilton and 1111011611, ’45). With daily diets 
estimated to contain an average of 21.1 mg of niacin, he 
found an uA'erage daily urinary outjiut of 1.15 mg of niacin 
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and its amide. This value is comparable to the 1.1 to 1.5 mg 
obtained by Sarett, Huff and Perlzweig (’42) using a chem- 
ical iDi'ocedure. 

The values determined for N^-methjdnieotiuainide in the 
urine of the nursing mothers, averaged 3.5 mg per day. 
The niacin equivalent, 2.5 mg, calculated with the factor 0.718, 
represented 23fo of the intake. The totals of the niaoin in 
the milk and urine, and the niacin equivalents from N'-methyl- 
nicotinaraide in urine accounted for approximately 23% of the 
intake, on the average. If the N^-methylnicotinamide values 
are increased by 19% for the residual N^-methylnicotinamide 
in the sulfite blank (see procedure) the average value would 
be increased to 4.3 mg, increasing the average percentage 
of intake niacin accounted for from 23 to 26. The 74% of 
the food niacin unaccounted for would strongly indicate 
either the complete breakdown of a large fraction of the 
exogenous niacin by the body or the presence in urine of 
end-produets of niacin metabolism which have not been ree- 
ogTiized. This explanation has been suggested by Perlzweig 
and Huff (’45). 

Values in the literature for average N’-methylnieotinamide 
elimination in the urine of normal adults eating average diets 
vary, in niacin equivalents, from 2.3 mg (Mickelsou and Erick- 
son, ’45) to 18.7 mg (Johnson, Hamilton and Mitchell, ’45). 
The lack of agreement between different reports may be 
attributable in part to the methods of analysis. Nevertheless, 
one of the most consistent findings is the rather wide varia- 
tion between individuals and betAveen different days with the 
same individual. 

Numerous factors besides niacin and nicotinamide intake 
undoubtedly affect the excretion of this metabolite. The 
availability of methyl groups in the body and the condition 
of the liver have been suggested (Perlzweig, Bernheim and 
Bernheim, ’43; Najjar, Hall and Deal, ’45), as well as body 
actmty (Ellinger and Coulson, ’44). The upper value of the 
range for average daily urinary N^-methylnicotinamide was 
that of subject V.S. at 70 to 74 days postpartum. The 10 mg 
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of jiiaciii included in tlie vitamin supplements taken by V.S. 
each day except during the study periods was equal to 55% 
of the average amount in tlie food eaten during tlie period 
of investigation. Tlie values for her excretion of N^-methyl- 
nicotinamide, as the chlox-ide, were 16.65, 7.68, 5.11, 5.48 and 
8.86, mg, respectively, foi- the 5 days. The relatively large 
excretion on the first day may have resulted from the supple- 
ment prior to initiation of the study. However, the values for 
niacin in the milk and in the urine on the first day were either 
equal to or less than the corresponding values for the fol- 
lowing 4 days. 

The possibility of synthesis by intestinal flora as a factor 
in the variable I’esults cannot be disregarded. Ellinger and 
Benesch (’45) have shown a marked decrease in the excretion 
of nicotinamide methochloride (N’-methylnicotinamide) by 
the subjects after ingestion of the “sterilising” drugs, sulfa- 
guanidine or suceinyl sulfathiazole. However, ingestion Ixy 
infants of 1 gm of i-tryptophane and by adults of 5 gm of 
dZ-tryptophane has been found to produce a “prompt and 
marked increase in the urinary excretion of nicotinic acid 
derivatives, chiefly in the methylated form” (Perlzweig, Ko- 
sen, Lovdtas and Robinson, ’47). A comprehensive study of 
young women by Oldham, Davis and Roberts (’46) of the 
intakes and excretions of certain of the B vitamins reported 
values for focal niacin ranging fi’om 0.9 to 1.7 mg per day. 

The data enqfliasize that greater understanding of the 
dietary requirements and metabolism of ]xregnant and lac- 
tating women is contingent upon obtaining much clearer and 
more complete knowledge of the physiology of milk production 
and scci'etion. As the values from our investigations are 
brought together, impressive evidence of the unique phy- 
siology^ of lactation accumulates. Many factors are inter- 
related in producing the over-all body changes consequent 
to lactation and other reports containing data for the same 
group of healthy nursing mothers have demonstrated that 
for vitamin C (Munks, Kaucher, iloyer, Harris and Macy, 
’47), thiamine (Rodeimck, Williams and IMacy, ’46), ribo- 
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flavin (Rodernck, (doi*yell, Williams and Alaoy, ’4(5), and vita- 
min A (Leslier, Brody, Williams and Mary, ’47), body 
perfonnmieo during lactation cannot be interpreted in terms 
of results obtained with non-pregiiant, non-lactating sulrjcelH. 

STJMMAKY 

Q’lie niacin intake for 5-day periods and outlaid in 24-boiir 
collections of milk and urine were determined for normal mul- 
tiparas during tlie first 10 days postjiarium and at Amrious 
intervals during mature milk production. The intakes of the 
women were comparable qualitatively but tbe <piantity Avas 
determined by appetite. With an average daily intake of 
16.5 mg* of niacin the average secretion in milk per 24 hours 
increased from 0.04 mg oji the first day postpartum to 2.94 mg 
on tbe tenth day. Excretion in the iirine ranged from 0.92 
to 0.98 mg. 

The aAmrage Amlume of mature milk secreted per day dur- 
ing each of 17 5-day periods ranged from 268 to 1020 ml. The 
average daily niacin content of the milk ranged from 0.52 to 
2.02 mg. Prom 0.35 to 1.08 mg of niacin Avere excreted in 
urine. During 10 5-day periods the average daily urinary 
excretion of N^-methylnicotinamide ranged from 0.8 to 8.8 
mg averaging 4.0 mg. Of the daily niacin intakes during 
mature milk production, averages of 7 and 3';t , respectively, 
appeared in the milk and ui'ine as niacin. 
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A1.AX lUJBIN' AND H. R. BIRD 
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Research Center, fJcltsvine^ Marifland 

(Roeoived for jJiihlicatioii Poltriiury 27, 1107) 

It has been reported (Rubin and Bird, ’46a, 1)) that an 
all -plant protein diet contaiuins 35% of eomniercially heated 
soybean oil meal produeod snboptimal growth of ehickens 
unless snp]deniented with hsh meal, cow manure or extracts 
of cow manure. 

This diet was adequate in meeting tlie requirements for the 
essential amino acids according to Alniquist’.s data (’46). 
It was shown to he comjilete in all of the cliemically cliar- 
actorized vitamins by Whitson et al. (’45) and in the uniden- 
tified factors (Rubin and Bird, ’4Ga), excej)t for the growtii 
factor which was obtained as a concenti'atc' from extracts 
of coAV mamu'e (Rubin and Bird, ’46b). 

Whitson et al. ( ’46a) described the detrimental effect of 
higii levels of soybean oil meal in the diet of hens on the 
hatehahility of their eggs. The diets, althoug’h unusually high 
in protein, ap])arentiy were not toxic to the hens nor did 
they adversely affect egg production. It appeared that for 
each increment of soybean oil meal in the breeder diet,, an 
additional increment of a substance which interfered with 
embryonic development was deposited in the egg. Ham and 
Sandstedt (’44) shoAved that there is a growth inhibitor in 
raw soybean oil meal presumably identical with the trypsin 
inhibitor described by them and crystallized by Kunitz (’46). 
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They also indicated that the growth inhibitor is heat labile. 
Therefore, it would probably be destroyed in commercially 
heated soybean oil meal. Furthermore, the inhibitor was 
sliOAvn to be a protein and hence its absorption through the 
gut, per se, appears very unlikely. Therefore, the low hatch- 
ability reported by Whitson et al. (’46a) is probably due 
io some other cause than this heat labile inhibitor of trypsin 
and of growth. 

Bird and Mattingly (’45) reiiorted that they obtained oiiti- 
mum growth with soybean and corn diets which were supple- 
mented with 0.2% methionine. Evans and McGrinnis ( ’46) 
obtained improved chick growth with soybean diets supple- 
mented with methionine. Bird et al. (’47) showed that the 
addition of crystalline methionine to the 35% soybean oil 
meal diet produced as good growth as did the growth factor 
of cow manure provided this growth factor had been loresent 
in the diet of the dams. Alethionine %vas less effective when 
fed to the progeny of liens whose diet Avas deficient in the 
groAvth factor. This partial effeetii'eness of methionine is 
difficult to explain since the basal diet is supposed to contain 
ade<iuato quantities of the essential amino acids. Some inter- 
relation of the growth factor and methionine is indicated. 
The gianvtli factor might conceivably facilitate tlie liberation 
of methionine from soybean protein in the digestive tract, it 
might function in the metabolism of methionine after absorp- 
tion, or it might liave some entirely different metabolic func- 
tion Avhich could be partially performed by methionine. 

The literatui'e on the value of cystine and methionine as 
.supplements to raw and heated soybean oil meal has been 
revieived by Barnes and Maack (’43). Evans and .McGinnis 
(’46) recently reported on the availaliility of the sulfur amino 
acids of raw and autoclaved soybean oil meal alone and wlien 
.supplemented with methionine. Since the sulfur-containing 
amino acids improve the nutritional value of either raw or 
lieated soyliean oil meal, it ivas of interest to determine what 
effect tlie growth factor of cow manure would liave on the 
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imtritioiial value of all-plant-proteiii diets in Avliieh raw 
soybean oil meal was the major source of protein. 

The objects of the experiments described in this paper 
were first, to determine whether the inhibition of embryonic 
development by high levels of commercially heated soybean 
oil meal would be paralleled by inhibition of tlie growth of 
chicks fed an all-plant-protein diet containing high levels of 
such soybean oil meal, and second, to determine the effect 
of the growth factor of cow manure or methionine on the 
growth of chicks fed high levels of heated or ordinary levels 
of raw soybean oil meal. 

METHODS AND EESULTS 

The chicks in all of the experiments exce])t 6 and 7 were 
the progeny of crossbred dams (Ehole Island Red X Barred 
Plynnouth Rock) and Ne^w Hampshire cocks. The chicks in 
experiments 6 and 7 were the progeny of Rhode Island Red 
dams and Barred Plymouth Rock cocks. chicks vvere fed 
the basal diet during the first 2 weeks after hatching. At 2 
weeks of age they were divided into experimental groups. 
The distribution into groups was made according to weight; 
the middle wmight group was used and the light and heavy 
chicks were discarded. All experiments were terminated Avhen 
the chickens were ti weeks old. 

The percentage composition of the basal diet was as fol- 
lows : yellow corn 38.0, barley 20.0, alfalfa leaf meal S.O, soy- 
bean oil meal 35.0, butyl fermentation solubles (containing 
250 gg of riboflavin per gan) 0.6, steamed bone meal 1.5, lime 
stone 1.0, salt (96% NaCl, 4% MnSO^ • 4 IRO) 0.7, and vita- 
mins A and D feeding oil (400 A.O.A.O. units of vitamin B, 
2000 U.S.P. units of vitamin A per gm) 0.2. One mg of 
nicotinic acid was added to each 100 gm of this diet. 

"When this diet was modified to contain 25% of soybean 
oil meal, corn replaced 10% of the soybean oil meal of the 
basal diet. The diets containing 50% soybean oil meal were 
formulated by increasing the level of this material and de- 
creasing the level of barley. In the 70% soybean oil meal diet, 
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lliis material replaet'd all of tlie barley and a portion of the 
coni. In tlu! diets containing' I'aw soybean oil meal or soybean 
[loni’, iliis material replaced the heated soybean oil meal of the 
lia.sal diet. When oilier supplements wei'e used, these re- 
placed the corn of the basal diet. A sample of raw soybean 
oil meal was obtained from each of 2 jiroeessors, and from 
a third processor sanpiles of raw and hydrolysed soybean 
Hour were oblained. 

Exci'pt in exiieriaient G, all the chicks Averc' the progeny 
of hens which had been f(:‘d an all-plant-]n'otein diet for 
scA'eral months. Therefoi'e, they AA’ere well depleted of the 
groAvth factor of cow manure. 

Ex]jeriinenls 1 to 5, the results of Avbich are summarized 
in table 1, were undertaken to determine hoAv well cliieks 
would groAv when fed high leA^els of soybean oil meal Avith or 
without supplements of the groAA'th factor or of methionine. 
Experiments 1, 2 and 3, Avere conducted in batteries and 4 and 
5 in a brooder house, the birds being brooded on the floor 
under electric hovers. 

The results of <‘xperiment 1 sIioaa" that the best groAvth 
Avas obtained Avith the 35% soybean oil meal diet. The chick- 
ens fed the 25% soybean oil meal diet did not g'roAv quite 
so well. A marked hihibitiou of gvoA\dh occurred in the 
group fed the 70% soybean oil meal diet in s])ite of the fact 
that th(> diet was supposedly complete and had an excess of 
essmitial amino acids. 

Exiierinieiit 2 Avas designed to study the effect of the growth 
factor of cow manure Avhen added to diets containing large 
(juantities of soybiaui oil meal. In exjieriment 2, the usual 
stimulation in growth oc'curred when the basal di(*t contain- 
ing 35% soyliean oil mmil Avns snpiilemeiitod Avitli the acid 
precipitate fraction of an extract of cow’ manure (Rubin ami 
Bird, ’46b). A dejiressiou in growth occurred AAdieu the birds 
Avere fed the diet eontuining 50% soybean oil meal; growth 
inhibition Avas even more marked when the diet contained 70% 
soybean oil meal. Remarkable results Averi* oblained Avitb 
both of these high soybean oil meal diets when tliey AA’ere 
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supiiloniciited with tile aeid pi-ecipitate fraetioii. Cirowth 
was as g'ood as or better tliaii that obtained in the group fed 
the basal diet supplemented witli the growth 1‘aetor from cow 
manure. The results of experiment 3 contirnied the results of 
experiment 2. 

TABLE 1 


'Effort of sKpijlemrnis on proK'th of oJucL'ons foil illfforoni (ptanti1(o>i 
of sophoan oil mcoL 


EXf'Kia- 

MKNT 

NO. 

SOYOMAN 

OIL ACKAL 

IN IHET 

.SUPPIdlMENT 

TO DIET 

.W, WT. HP 
(fine KENS 
AT «i WKS 

NO, OF 

oirroKs 

STAUTED 

NO. DF 
sntjvivoas 

1 

25 

None 

tjni 

378 

12 

11 


do 

None 

40S 

12 

12 


70 

None 

250 

12 

10 

2 

do 

None 

361 

12 

11 


35 

0.075% A.P2 

431 

12 

12 


50 

None 

295 

12 

8 


50 

0.075%. A.P. 

472 

12 

12 


70 

None 

18 X 

12 

7 


70 

0.075%* A.P. 

430 

12 

n 


3o 

None 

340 

14 

14 


70 

None 

294 

14 

12 


70 

0.075% A.P. 

400 

14 

14 

4 

35 

None 


47 

47 


70 

None 

3 <>5 

47 

34 


70 

0.2%' (Il nDdliioiiiJu* 

304 

47 

37 


70 

0.4 ('n-inetliioninc 

350 

47 

30 

5 

70 

Ntiiie 

295 

37 

2!^ 


70 

None 

320 

37 

31 


70 

5%. dried cow niaiinre 

467 

3 1 

33 


70 

5% dri(‘d cow niniinre 

441 

37 

37 


70 

0.4 %; dl •methionine 

360 

37 

20 


70 

0,4 % dl-methionine 

315 

37 

35 


^ A<?id precipitate of water extract of dried cow iiianurc. 


In experiment 4 the effect of methionine on the 70% aoyhean 
oil naeal diet was studied. In experiment 5 certain diets used 
in experiment 4 were repeated with the addition of 2 g’roups 
fed the 70% soyliean oil meal diet and supplemented with 
5% eoAV manure. The results of both experiments show that 
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metliiouine had little or no counter-effect on the high soybean 
oil meal diet. On the other hand, the groups fed the diet 
containing cow manure grew at an optimum rate. The chicks 
used in all of these experiments were from the eggs of hens 
who.se diet had been deficient in growth factor, and it would 
be expected, therefore, that the chicks would have shown less 
response to methionine than to the growth factor even if they 
had been fed these supplements with 35% of soybean oil meal 
(Bird ot ah, ’47). The 70% level accentuated the difference 
between the 2 supi‘>lements to the extent that methionine pro- 
duced little or no stimulus to growth in experiments 4 and 5. 

TABLE 2 

Effect of matenial diet on cMclcens fed diets high m soybean oil meal, 
(E.xperiment 6.) 


MATEKXAn niBT 
310. 

SOYBEAN OIL MEAL 

IN CHICK IHET 

A.l*.^ IN 

CHICK DIET 

AV. \VT. AT 
WICS. 

NO. OF 
SURVIVORS 


% 

% 

ym 


3.U 

35 

0 

238 

11 

311 

35 

0.075 

425 

16 

312 

35 

0 

383 

20 

312 

70 

0 

315 

16 


‘ Ham{‘ as in taljk; 1 . 


Kxj)eriment 0 was designed to det('rniine tlie effect of the 
growth factor in the maternal diet on the growth of chicks 
fed the high soybean oil meal diet. There were 4 groups of 
20 chicks. Two groups were composed of chicks whose dams 
were fed a diet (diet 311, Bubin and Bird, ’46b) deficient 
in the growth factor; the otlier 2 groups were composed of 
chicks who.se dams were fed a diet (diet 312) which contained 
the factor. The cliicks in this experiment were reared in 
batteries. The data are given in table 2. 

Til this experiment, 70% of soybean oil meal reduced the 
growth rate of the progeny of hens fed a “good” diet (no. 
312), hut these chicks, even when fed tlie high level of soybean 
oil meal, were still able, by virtue of tlie diet of their dams, to 
grow more rapidly than those fed 35^^ of soybean oil meal 
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but subject to tbe disadvantage of a poor maternal diet. Tliis 
is evidence that tlie growth factor, even Avlien stored in tbe 
chick’s body, counteracted the inliibitory effect of a high 
soybean diet. 

In all of these experiments excessive quantities of soybean 
oil meal in the diet caused considerable mortality which was 
prevented by the addition of the groivth factor of cow 
manure. 

Experiments 7 to 11, the results of which are summarized 
in table 3, were undertaken to determine the effectivene.ss 
of the growth factor in overcoming the deficiency of iuav 
soybean oil meal and to compare its effectiveness with that of 
methionine and with the effectiveness of hydrolysis of the 
soybean product. The experimental groups, each consisting 
of 12 chicks, were reared in battery brooders, except that in 
experiment 8 groups of 36 chicks wmre brooded under electric 
hovers in the brooder house. 

In experiment 7, the usual difference between the basal diet 
containing heated soybean oil meal and the same diet sup- 
plemented with the growth factor was observed. Methionine 
improved this basal diet but not quite so much as did the 
growdh factor. The expected poor growth wms obtained with 
the basal diet containing raw* soybean oil meal. The growth 
factor improved this diet considerably Init optimum growth 
was not achieved. Methionine in the raw' soybean oil meal 
diet made it equal to the heated soybean oil meal basal diet. 

The results of experiment 8 were essentially the same 
as those of the preceding one. Raw soybean oil meal no. 1 was 
inferior to the heated soybean oil meal. The growth factor, 
supplied by the dried cow manure improved the raw’ soybean 
oil meal diet considerably but did not make it equal to the diet 
containing heated soybean oil meal plus cow' manure. 

In experiment 9 a second sample of raw’ soybean oil meal, 
obtained from another processor, wms compared with the 
first sample. This experiment confirmed the results of the 
first 2 experiments. About the same grow’th response was 



240 


MAX KtTBIN- AND H. E. BIED 


o])taiiied with tlie 2 different samples of raw soybean oil 
meal. 

The second sample of raw soybean oil meal was retested 
ill experiment 10. The results confirmed the results of the 
previous ex])eriment. The growth factor improved the nu- 
tritional value of raw soybean oil meal but not to the extent 
obtained with heated soybean oil meal. 

TABLE 3 

Effect of sKirplement,^ on grou'th of cJiiol^ens fed heated and nnheated soybean 
prod If els as 35% of diet. 


EXPERIMENT 

NO. 

SOYBEAN PRODUCT 

IN DIET 

SXTfPLEMENT 

TO DIET 

AV. W^T. OP 
CHICKENS 

0 WKS. 




pfs 

7 

TToaiod oil id cal 

Xoue 

Hod 


Heated oil nioal 

0.075% A.P." 

440 


Heated oil meal 

0 . 29 ?- dl-methioinne 

300 


T?.‘nv oil lueal, no. 1 

None 

323 


Haw oil meal, no. 1 

0.07.5% A.P. 

304 


Haw oil meal, ivo. 1 

0.1 r>u9f A.P. 

414 


Haw oil meal, no. .1 

0.2% (11-inctlnoDine 

300 

8 

Heated oil meal 

Noik' 

301 


Heated oil mt>al 

o% dried t-ow manure 

408 


RiiW (dl meal, no. 1 

None? 

326 


R‘fnv oil nicnl, iud 1 

5% dfi(?d eow manure 

420 

0 

Hpat,(‘d oil meal 

Norn* 

200 


Heat(*d <»il mt^al 

O.I)7n% A.P. 

410 


Haw oil meal, ikd 1 

None 

2n 


Haw oil meal, no. 1 

{‘.17)9; A.r\ 

337 


Haw oil nu'al. no. 1 

f),;io% A.P. 

34 a 


Raw (dl TiKdil, no. 2 

None 

244 


Haw oil meal. do. 2 

O.lMH^v A.P. 

349 

10 

Heated oil meal 

Nom‘ 

236 


Heated oil meal 

().n7;)9? A.P. 

383 


Haw oil nndil, no, 2 

None 

1 00 


Haw oil m(dd, in). .2 

0.100% A.P. 

332 


Haw oil meal. no. 2 

0.22r>% A.P. 

312 

n 

Hi'atod oil imail 

Nonf‘ 

347 


Heated oil meal 

0.07ri9-e A.P. 

407 


Haw flour 

Nom* 

263 


Flour liydndysale 

Noin* 

314 

S\(nd of wator (‘xtract o 

f dried (.mw manure. 
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In exporiment 11, tlie effect of enzymatic liydrolysis of tlie 
])roteins in soybean flonr was stndied. Tlie flour and tbe 
hydrolysate of the flonr were commercial products. Unfor- 
tunately, only enough of the hydrolysate was available for 
1 experimental group; therefore, the sn))plementary effeid, 
of the growth factor could not l)e studied. Tlie results of this 
experiment showed that while enzymatic hydrolysis of raw 
soybean flour improved it, it was not quite so good as heated 
soybean oil meal A\diich was not supplemented rvith the growth 
factor. The group fed the growth factor Avith heated soybean 
oil meal Avas superior to all of the other groups. 

DISCUSSION 

The results of experiments 1 to (i shoAV that there is a par- 
allelism betAvmen the effect of increasing levels of soAdiean 
oil meal on embryonic development {hatchability), as shoAAm 
by Whitson et al. (’46a), and the effect on chick groAAdh. 
Just as increasing quantities of soybean oil meal in the hen’s 
diet caused a reduction in hatchability, increasing quantities 
of soybean oil meal in the chick’s diet caused a i*eduction in 
viability and groA\ffh rate. The parallelism AAms also evident 
in the effect of coav manure. The addition of this material 
or concentrates prepared from it to diets containing high 
levels of soybean oil meal preAmnted the inhibition of growth 
and mortality which usually occurred among chicks fed such 
diets. ^Whitson et al. (’46b) and Bird et al. (’46) haA’-e re- 
ported that the addition of cow manure to breeder diets con- 
taining higher leAmls of soybean oil meal prevented the usual 
reduction in hatchability of eggs and viability of progeny. 

The addition of methionine at levels up to 0.4% of the diet 
containing 70%. soybean oil meal qjroduced little or no in- 
crease in groAvth above that produced by the control diets. 
Several authors have shown that diets composed chiefly of 
corn and soybean oil meal can produce o]itimum grOAvth Avhen 
supplemented Avith methionine, yet methionine failed to over- 
come tbe detrimental effect of large quantities of soybean oil 
meal. This i.s evidence that the ill-effect of soybean oil meal 
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is not limited to interference with liberation of methionine 
in the digestive tract. 

The fact that the growth factor of cow manure stored in 
the chick’s body was able to counteract the effect of high 
soybean oil meal diets is additional evidence that the relation- 
ship involving the soybean oil meal, the growth factor and 
fro(‘ methionitie is not limited to the intestine. 

Tt is also evident from the results of experiments 7 to 10 
that tlie growth factor did not obviate the necessity of hoat- 
t renting soybean oil meal. Although the growth factor im- 
proved the nutritional value of raw soybean oil meal in an 
all-plant-protein diet, the use of heated soybean oil meal with 
the growth factor produced still better results. 

Prom the evidence presented, it may be .postulated that soy- 
bean oil meal contains an inhibitor of growth which is stable to 
heat, which produces an effect that is not confined to the diges- 
tive tract, and which, therefore, is not identical with the heat 
labile trypsin inhibitor reported by Ham and Sandstedt ( ’44) 
and crystallized by Kunitz (’4()). The growth factor of cow 
manure has little or no effect upon the heat-labile inhibitor 
but couiiteraets the inhibiting effect which is not influenced 
by heat. 

As an alternative to this hypothesis one might attempt to 
explain ihe differences in growth among groups fed 35, 00 
and 70% soybean oil meal on the basis of the different quan- 
tities of barley and corn in the diets. It would be necessary 
to assume that these grains contain considerably more of 
the growth factor than does soybean meal. The report ctf 
Whitson et al. (’45) although it does not rule out this ex- 
planation completely, makes it difficult to believe that corn 
and barley contain significant quantities of the growth factor. 

The distribution of the postulated heat-stable inhibitor 
in different samples of soybean products appears to be quite 
variable. Although no detailed study of this phase of the 
problem has been made, some samples of soybean oil meal 
have been obtained which produced optimum growth without 
a supplementary source of the growth factor when fed as 
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35% of tlie diet. Svieli meals have not been tried at tbe 70% 
level. 

Further work i.s needed to determine if this growth inhibitor 
is confined to soybean products, and if the sole function of the 
growth factor of manure is to counteract this effect. 

The residts reported here would indicate tliat the l)oneJits 
conferred by heating- soybean oil meal and by supplementa- 
tion with the growth factor are independent of each other. 
This subject should not be dismissed, however, without ref- 
erence to tlie ability of methionine to act as a partial substitute 
for the growth factor (Bird et al., ’47) and to the generally 
accepted role of this amino acid in the changes induced by 
heating soybean oil meal. According to Melnick et al. ( ’46) the 
poor utilization of raw soybean protein is due to inhibition 
of trypsin and consequent retarded liberation of metliioiiine. 
Therefore, equally good results should be obtained with raw 
and with heated soybeans if each were supplemented with ade- 
quate methionine. Such results were not obtained either by 
Hayward and Hafner (’41) or by Almquist et al. (’42), 
pei'haps because the highest levels of methionine they added 
to the raw soybean were inadequate or peidiaps because the 
trypsin inhibitor disturbs protein digestion in other ways not 
involving the sulfur-containing amino acids. Heiited so}’- 
bean, because of the increased availability of its methionine, 
provides more of this amino acid for structural use and, if 
necessary, as a partial substitute for the growth factor than 
does the raw material. Even heated soybean oil meal, how- 
ever, contains barely adequate, or .slightly inadequate quan- 
tities, and so responds to methionine supplementation. It is 
supplemented more effectively by the growth factor. 

Methionine appears, therefore, to be a connecting link be- 
tween the trypsin inhibitor and the newly postulated, heat- 
stable growth-limiting influence. The tiypsin inhibitor 
interferes with the liberation of methionine in the digestive 
tract and its effect is largely, if not entirely, negated by 
methionine feeding. The mechanism of the heat-stable inhib- 
itor is unknown; its effect is counteracted partially and ir- 
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regularly by metJiionine but completely and consistently by 
the yro^?th factor of cow manure. 

Enzymatic treatment of raw soybean flour materially im- 
proved tbe nutritional value of ibis feedstuff. The hydrolysate 
did not quite equal the heated soybean oil meal, but in view 
of tbe entirely different origins of the 2 products, the results 
ai'tpear sufficiently similar to justify the statement that this 
experiment with enzyme-digested soybean flour confirmed the 
re]Jort by McGinnis and Menzies (’46) that papain digestion 
of raw soybean oil meal made it nutritionally equal to heated 
soy])can oil meal. Hydrolysis, like heat -treatment, failed to 
overcome that portion of the growth inhibition which was 
counteracted by the growth factor of cow manure. 

SUMMAST 

Soybean oil meal fed to young chickens as 70 % of the diet 
caused an inhibition of growth and increased mortality. Both 
of these effects were couiiteracted by the addition of the 
growth factor of cow manure to the diet but not by the addi- 
tion of methionine. 

The growth factor of cow manure improved the irutritional 
value of a chick diet containing raAv soybean oil meal as thc' 
only })rotein concentrate, but not to llie extent that it im- 
]n-oved a diet containing heated soybean oil meal. 

Evidence has betm iirestmied tliat soybean oil meal at high 
leve’s exerts an inhibiting effect on the growth of (Oiicks which 
is not due to a heat-labile trypsin iidiibitor, which is not 
nulliiied by heating or by enzymatic digestion, but ■which is 
connteracted by the chick growth factor of cow manure. 
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PROCEEDINGS OF 

THE ELEVENTH ANNIJAIj MEETING OF THE 
AMERICAN INSTITUTE OF NUTRITION 


STEVENS AND CONGEESS HOTELS, I'lnCAGO, 

ILLINOIS, MAY 18-22, 1947 

COtTNCIL MEETINGS 

Council meetings were held at the Stevens Hotel on Sunday, 
May 18. All members were present. Formal actions of the 
Council are reported in the minutes of the business section. 

SCIENTIFIC SESSIONS 

The scientific program consisted of 7 half-day sessions of 
scientific papers grouped according to topic. A total of 73 
papers were presented and 9 were read by title. The abstracts 
of those papers were published in the Federation Proceedings, 
vol. 6, no. 1, March, 1947, pp. 401-424. If the number of 
papers increases much further it will be necessary to run 
simultaneous sections or to transfer papers to the list of those 
to be Read by Title. 


BUSINESS SESSIONS 

Two business meetings were held, one at 8 :30 Monday eve- 
ning, May 19, following the Institute Dinner, and the other at 
4:00 p.m. Wednesday, May 21, following the scientific pro- 
gram. These meetings were presided over by the President, 
A. H. Smith. 

Monday, May 19, 8:30 p.m. The report of the Treasurer was 
presented by E. M. Nelson. The Auditing Committee (Dr. 
Elsa Orent-Keiles and Dr. Chester Tolle) reported that the 
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Treasurer ’k books Avere in order. Tbo Treasurer’s report \va.s 
aijproved. 

l)i‘. Georgia li. (Jowgill, Editor ol' The Journal oe jSTutiutiox 
gave a brief report ('oue(*rniug tlie Journal as follows: 

Begiuiihig wilb the Januaiw 1946 issue a retuiai rvas made 
to tbe page format that was used before Ihe war. This cbaTig'o 
was made with all of the journals publi.sbed by The "Wistar 
Tnstitutc. As usual, 2 vohunes were published during the year, 
namely volumes 91 and 92 ; they contained 118 articles. During 
the year 159 papers were submitted for consideration. The 
average i\umbor of papers per issue was 10, compared with 
8.5 for the previous year. The average number of pages per 
article this year, namely 12.4, was higher than the previous 
year’s figure of 9.0 x^ages. Simxjle eomx)arison of these figures 
is not really valid because the format had been changed to the 
older one with fewer words per page; on the other hand it 
should be remembered that the number of pages per volume 
has been increased from 100 pages to the newer limit of 120. 

Volume 31, covering January to June 1946, inclusive, was 
designated the “John It. klurlln Honor Volume” in honor of 
Dr. Murliu who founded the Journal and served as its editor 
until 1999 when ho became an emeritus memher of the Ameri- 
can Institute of Nutrition. It was arranged that the tirst issue, 
that for January 194(), should carry a i>icture of Dr. Murliu 
which could serve as a froutisx>iece foi- the volume. Tlie issue 
also carried a short note of aiipreciation of Dr. Murliu written 
by his younger eolleugm^ Dr. E. S. Xasset. A discussion of the 
efforts made to honor I)i". Murlin in some way, which culmi- 
nated in the plan to designate volume 91 as an Honor Volume, 
was given in last year ’s reijort and therefore need not be given 
hero (Fed. Proc.., 5: 916, Sept. ’46). 

The printing sliop diflicuhh's that made it imx)ossible during 
the war years for our X)rinter, The 'Wistar Institute, to bring 
out each issue on or about the tenth of each mouth were 
gradually overcome during the year. The most recent issues 
show a vast imin'ovemeiit in this rcgar<l. The one for April, 
1947, was only a fmv days late; that for l\lay, 1947, apxjcared 
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on schedule. In last year’s report a hopeful statement was 
made regarding the prospects in this regard. Inasmuch as 
the latest issue appeared on time, we have every reason to 
believe that this problem caused by the war has now been 
solved, which is of course very gratifying to all parties 
concerned. 

The members approved the Editor's Eeport and extended 
to Dr. Cowgill and the Editorial Board a hearty vote of thanks 
for their service. 

The appointment of Dr. Walter C. Russell as the representa- 
tive of the Institute to the Division of Biology and Agriculture 
of the National Research Council and as Liason Officer to the 
Food and Nutrition Board was approved. The appointment 
of Dr. L. A. Maynard as our representative on the Committee 
on International Congresses was approved. 

The President reported that the Executive Committee of 
the Federation had discussed the feasibility of reorganizing 
the administration of the Federation by the establishment 
of a permanent business secretary who would, among other 
duties, be responsible for the annual meetings, thus removing 
much of this burden from the local committees. The Place- 
ment Service (wdiich Dr. H. B. Lewis can no longer supervise) 
might also' be transferred to the office of the permanent secre- 
tary. Such a proposal would require an increase of Institute 
dues to $4 ($3 to the Federation; $1 to the Institute). All of 
these recommendations were approved. The President also 
announced that the 1948 meeting would be held in Atlantic 
City. 

It was voted that the Institute should have a dinner at the 
1948 meeting. 

Dr. Walter C. Russell, the Institute repi'esentative on the 
Committee on Organization of the American Institute of 
Biological Sciences, reported on the nature of the proposed 
new organization and indicated that the Amei'ican Institute 
of Nutrition was eligible to become a charter member. After 
some discussion the invitation to join this new organization 
was declined on the basis that the Institute of Nutrition was 
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more closely related to tlie Federation Societies than to many 
of the proposed members of the American Institute of Bio- 
logical Sciences. 

The members observed a period of silence in honor of the 
following deceased members: Morris S. Fine, Charles L. 
Hoagland, Paul Both, and Alfred Shohl. 

Wednesday, May 21. The tellers reported that the follow- 
ing officers had be(*n eleet(Hl for lf)47-l?)48: 

President- -R. JI. Hethlic 
Vi(H*'Prosi(l(‘nt. — E, Nelson 

Treasurer — ,N. R. Ellis 
CouiJeillor — A. D. Holmes 
Assoeiaie Editors — E. W. fVaniptoii 
O. L, Kline 
E, W. 8wift 

The following new members were elected on recommenda- 
tion of the Council : 

Aaron Ani(»ld 
J. 0. Baiiernfoind 
TTeidiort E. Bird 
Alex Black 
David K. Bossluirdt 
0(>orfi;e ‘Jtf. Brijrf^s 
W, W. Oravens 
Eva l>oindsoii 
D. V. Er(tst 
Ross A. Oortner 
B, Tonnor Johnson 

The Fresideiif aiinouricod that n Joint Committee on Nomen- 
clature had been established in cooperation with the Ameiican 
Society of Biological Cliemists. The committee consists of: 

C. A. Elvolijem, Chairman 
E. M. Nelson 
. A. D. Welch 
H. J. Almqnist 

This action was approved. 

Dr. Griffith i>resented to the Institute the essential content 
of bills currently under consideration by Congrciss (HR .8215 
and Senate Bill 504) r<‘garding the status of professional men 


fSeth Both Johnson 
Francis G. AfcDonald 
Alary Elizabeth Eeid 
TT. E. Kohinson 
8aul Eubin 
TT. l\ Snrelt 
Tf. Stdmeider 
Jmiiee AT. 8mith 
Clara A. 8t(>rvick 
A3ad(dyii Womack 
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(other than physicians, dentists, and veterinarians) in tlie 
Medical Departments of the Army and Xavy. These bills 
would group such professional men in a heterogeneous group 
of professional and non-professional workers (the Medical 
Service Corps). The defects of such a set-up were pointed out 
by Dr. Griffith. The Institute voted to send a protest to the 
House and the Senate regarding this situation and the Presi- 
dent appointed a committee consisting of Drs. Griffith, Nasset, 
and Carter to frame appropriate letters. (These were sent to 
the chairmen of the House and Senate Committees on Armed 
Services on May 29. ) 

President Smith appointed the following Nominating Com- 
mittee for 1947-1948 : 


Harold Goss, Chairman 
H. G. Day 
L. A, Maynard ^ 

H. B. Pierce 
Pearl Swanson 

The Institute gave a hearty vote of thanks to the Local Com- 
mittee for their fine service in organizing and arranging the 
meeting. 

The meeting adjourned at 4 :45 p.m. 

DINNER AND PRESENTATION OP AWAEDS 

For the first time since the war the Institute held a dinnei’ 
meeting (Hotel Continental, May 19). Following the dinner 
Dr. Murlin gave a very interesting talk regarding the early 
history of the American Institute of Nutrition. At this time 
also the presentation of the Institute Awards wms made. Dr. 
L. A. Maynard as recipient of the Borden Aivard received a 
medal and a check. Drs. Paul Day, W. J. Darby, and E. L. 
Stokstad as co-recipients of the Mead Johnson and Company 
Prize received scrolls and checks. 


Respectfully submitted, 

H. E. OARTEE, Secretary 
American Institute of Nutrition 




PRODUCTION OF NIACIN DEPT('1FN()T IN EATS 

.TAMRS iM. HUNITLEY 

Pirishni of PhjiMoloaiu Xdtional Itisfifnfr of JfcalHi, 

U. tS, Public IJcalth t^orrlco^ PfCtheuda^ MarnhuuJ 

(.Received for puhUcrdion March 17, 1047) 

Krelil aiul cowovkev.s (’Ala) have reported that rats fed a 
low-proteiii diet containing 40/1 corn developed a growth de- 
pression which was correctable by either niacin or trypto- 
phane. These findings have been conlirined by Dann (’4()), 
Singal et ah (’4(5), and Spector and Mitchell {’4(1). 

Tryptophane and niacin are apparently interchangeably 
active in reversing growth I'etardationa produced by certain 
diet.s in chicks (Briggs, ’45), in rabbits (Wooley, ’47), and in 
dogs (Hundley, ’46). 

Dann ( ’46) has shown that the corn grits diet of Krelil et ul. 
(’456) will sharply reduce the urinary output of NVnietliyl- 
nicotinaniide (NMN) in the rat. It has been reported that the 
addition of tryptophane to various diets will cause a largo 
increa.se in the urinary exci'etion of nicotinic acid and its 
derivatives in rats (Rosen et ah, ’46; Singal et ah, ’46), in 
horses and cotton rats (Schweigert et ah, ’47), and in man 
(Sarett and Gokhsmitli, ’47 ; Perlzrveig et ah, ’47). 

These reports seem to indicate that tryptophane is an 
imiiortant precursor of niacin synthesis and that a niacin 
deficiency is produced when the diet contains insufficient 
trjT^itopliane to compensate for the lack of preformed niacin. 

However, Woolley ( ’46b) has prepared a concentrate fi-om 
corn which has a “pellagragenie” action in mice. In addition 
lie has reported (’46a) that either niacin or tryptophane will 
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reverse llie biolos'ieal offeets of 3 aectylpyi'idine. Kodicek et 
al. (’4()) Lave, reported that iiuIole-3-acetic acid will j)rodnee 
the same growth depression in I’ats as will corn itself. 

Grosehke and Briggs ( ’46) and Krehl et al. ( ’46b) Lave 
found that certain amino acids have, a marked groAvth-inhibit- 
ing action which can be overcome liy niacin. 

The jiresent paper presents a study of the pi-odnction of 
niacin deiichmcy in rats nsiiig diet.s free of any known “anti” 
factor, in which ilie only apj)arent etiologie agent was a 
relative lack of tryptophane. This has been possible by feed- 
ing a low percentage of casein supplemented witli cystine or 
other tryptophane-deficient protein material. 


METHODS 

ISIale rats weighing 35 to 40 gin were j}laced individually in 
Avire mesh cages at weaning and distributed to form groups 
according to weight and litter. 

The diets used were modeled after the basal diet of Krehl 
et al. (’45) and consisted of casein (vitamin free) 15, sucrose 
78, corn oil 3, salts (Osborne and Mendel) 4, and 1( — )cystine 
0.15 gm. Vitamins were incorporated in the ration in the fol- 
lowing amounts; thiamine 0.2, riboflavin 0.3, pyridoxine 0.25, 
calehuu pantothenate 2, choline 100, inositol 10, 2-methyl 
nai-dithoquinoiH' 0.1, biotin 0.01 and ptcroyl glutamic acid 0.1 
mg %. The niacin content of tbes(' diets was practically zei'o 
and niacin was added only when indicated. The casein or 
other protein material Avas varied from 6 to 40% at the ex- 
piense of the sucrose. 1( — )eystine Avas added to most of the 
diets so that the cystine-methionine deficiency of casein Avas at 
least partialh' corrected, making tryptophane the principal 
amino acid limiting growth (Mitchell and Block, ’46). 

GroAvth periods A'aried from 3 to 8 or more Avceks. Niacin 
tissue assays were done using L. arcil/inosufi Avith a slight 
modification of the Snell and Wright (’41) method. Urines 
were collected under toluene and the X‘-metliylnicotinamide 
e.stiniated pronijitly using the method of Huff <4 al. (’45). 
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BESIJLTS 

I. Effect of niacin at various levels of casein 
(pins cystine) 

Tlie growth of rats on diets eoutaiiiing ti to 40'/- casein was 
compared at each level of casein wnth and without added 
niacin. 1( — ) cystine 0.15% was added to all diets. 

Kejn’esentativo data are shown in table 1. The addition of 
niacin caused groivtli stimulation at each level of casein up to 
20%. Statistical analysis however sliowed that only the niacin 
growth stimulation in 12%- (nisei n diets was certainly signih- 
(‘ant, there being less tlian 1 chance in 100 tliat the growth 
stimulation Avas accidental. 


TABLE 1 

G-roirlh and niacin tissue levels as influenced l)i{ diet and siipplemenial niacin. 
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The aiitlior is 

iudebted to W. M. 

Gafafer for these 

analyses. 




'^Tho rmtlior Ls iiiflclitcd to IDr. J. (r, Wooler for tliosi* ossayn, Values williin 
par<*ntlu‘Kcs indieiite rniigt*. 
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111 other experiments rats have been kept on these diets for 
4 weeks witii j^'rowth results comparable to those shown in table 

1. At the end of this period the diets were reversed at each 
casein level so that rats not receiving niacin now received it, 
and vice versa. In the 1) and 12, hut not in the 20% casein 
groups, groivtli shifts in favor of the niacin groups appeared. 

In anothei* experiment the effect of added tryptophane was 
found to he similar to tliat of added niacin. Using the 12% 
casein ration and 4-week growth periods, 4 rats grew at the 
rate of 13.9 gm/wk. When 10 mg % niacin w'as added to the 
same diet using 4 litter mates, growth was at the rate of 16.8 
gm/wk. Four hundred mg % dl-trypto]>hane in 4 additional 
litter mates increased the growth rate to 17.1 gm/wk., but 
when both niacin and tryptophane in the above amounts were 
added to a fourth group of litter mates no growth stimulation 
was evident. The reason for the latter observation was not 
clear. 


11. Liver and muscle- niacin levels 

A close correlation was apparent betw^een the tissue niacin 
levels and the percentage of dietary protein (table 1). Using 
the rats receiving 20% casein as normal, the 9 and 12% casein 
rats .show'od a reduced concentration of tissue niacin. The 
addition of 2 mg %■ niacin to the diet brought all muscle levels 
to normal and brought the livers to noimial in the 12%' but not 
in the 9%’ gi-oups. The same amount of niacin did not alter 
the levels significantly in the 20% casein group. 


III. Urinary N^-ni-efhyhrieofinainide excretion 

Normally rats appear to e.xcrete a large part of their known 
urinary niacin derivatives in the methylated form (Huff and 
Perlzweig, ’42; Rosen et ah, ’46), and since the amount of 
Ni-methylnicotinamide excretion bears a rather constant ratio 
to the amount of other niacin compounds, the excretion of this 
substance should give a good index of the total excretion of 
niacin. 
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Tlie data (table 2) show a close covrelatioii with tlie gTowtli 
and tissue niacin assay results. If tbe excretion of ttie rats 
receiving ‘2U% casein is taken as normal, then the 9 and 12% 
casein rats showed a marked reduction in H'-methylnicotin- 
aniide. Tlie addition of 2 mg % niacin caused a rise to ap- 
proximately iiornial levels in tlie 9 and 12% rats but bad no 
consistent effect at 20%' or more casein. The addition of 100 
or 400 mg '% dl-tryiitophane to the 9 and 12%' rations caused 
a very large increase in the excretion of N'-methylnieotin- 
amide. 
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’ All diets eoiitaiiied added 1( — )eystiiie 0.1 
'CJroniid Purina Dog Checkers. 


IV. Other trifptophane. deficient diets 

The diets mentioned thus far seem to produce only a mild 
deficiency as judg'ed by growth. After 8 to 10 weeks on the 9 
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uv 12^/f rations, the response to niacin is no longer consistent. 
Also there is considerable litter variation and controls must 
be used in each case. Therefore these diets are not entirely 
suilalih^ for routine use in studying niacin deficiency. 

Other diets were eonstiucted in which the relative, deficiency 
of fryi)tophane was greater. In each instance rats on these 
diets as shown in table 3 showed a marked depression of 
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growtli wliicli was covrectable by eitber tryptopbaiie or iiiaciii. 
The use of tryptopbaiie and niacin together did not increase 
the growth response over tliat when either one was nsed alone 
in optimum amounts. 


DISCUSSION 

From tlie data presented it seems clear that when growing 
rats are maintained on a ration in which tryptophane seems 
to bo tlie chief amino acid limiting growth, a marked diminu- 
tion in niacin synthesis occurs with a resultant niacin tissue 
depi'ivation and depressed growth. When tryiitophane is 
added to the diet, either as casein or tryptophane itself, an 
increase in niacin synthesis occurs. 

These facts strongly indicate that tryptophane is the dietary 
precursor of niacin. Similar conclusions have been published 
bv Singal et al. ( ’46), Rosen et al. ( ’46) and Schweigert et al. 

The action of niacin in promoting growtli in the pi-esenee of 
an apparent deficiency of tryptophane has been explained by 
Krehl et al. (’46a) as being due to increased efficiency of 
utilisation of tryptophane. A similar conclusion was reached 
by Spector and Mitchell ( ’46) as the result of a paired feeding 
study. 

However, it is also possible, and seems more likely to the 
writer, that the niacin acts to “spare” tryptophane. Since 
tryptopliane seems to be the dietary precursor of niacin, a 
certain portion of it must bo used up in this process. If niacin 
is supplied preformed, the tryptophane may be spared of tliis 
function, making it available for tissue building. Some evi- 
dence in this direction is noted in table 3 since w’ith increasing 
amounts of casein and a constant amount of niacin, there was 
no notable increase in excretion of N’-methylnieotinamicle 
(NMN). On the other hand, without niacin in the diet the 
NMN excretion varied roughly with the per cent of casein at 
least up to the level where growth was independent of the 
niacin intake. This observation could be explained by assum- 
ing that with adequate preformed niacin in the diet, the tiwpto- 
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plume is metabolized along with tbe other amino acids in a 
manner not leading to niacin synthesis. However, when a 
large anionnt of Iryijtophano is added, more than can be used 
in tissue building because of the limited supply of other amino 
acids, niacin is formed in excess even in the presence of nde- 
(|uate dietary niacin. 

Wince the diets used in this sludy Avere probably fiue of any 
“toxic’’ factors (Avith llie exception of the gelatin diets) it 
seems evid('nt that tin* primary etiology in the production of a 
inacin deficiency in I'uts is not an “anti” or “toxic” substance. 
If such factors Inu'C any role at all it must be only a con- 
tributory one. It is to be noted that in tlie report by Txodicu'k 
(‘t al. ('in) on the use of indole-d-acetic acid, the basal diet 
used Avas Id.O/t casein idus O.lof/t cystine, a diet \Adiich by 
itself AA'ould likely produce a mild niacin doticiency according 
to the data re]Aorted in this paper. 

ooxeimsioNs 

Orowing rata, maintained on a basic loAA'-casein diet in 
AA'hich tryptophane Avas tbe chief limiting amino acid, de- 
velo[)ed a condition characterized by groAvth depression, 
dhninislied tissue niacin levels, and diminished oxeretion of 
N'-methylnieot inamide. 

This condition Avas iiitercliaageahly coi'rectcd hy either 
try]jtoi)ham; or niacin. 

Deticient rats ti-eated Avitli ti'yi)topliaue shoAA'ed a marked 
increase in niacin synthesis. 

The ])ossih!e ineehanisms involved are discussed. 
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THREE PIGTtRES 


(Bceoivefl for puljlieatioii May 8, 1947) 

In tlie eoiii'se of large scale pi’eparation of enzymatic digests 
of lactalbumin,-' it was necessary to investigate the nutritional 
(juality of tlie product for evaluation of its prolmble useful- 
tuiss in human nutrition and as a routine control of the mairu- 
facturing procedure. 

A method of rat bio-assay was devised which requires only 
2 weeks to obtain a result, requires a minimum of chemical 
analyses, satisfies the dictum that accuracy of bio-assays is 
increased by comparing teat samples witli a standard snl)-, 
stance and simulates the conditions of tlie gi’oatest usefulness 
of protein digests in human nutrition, i.e., tissue regeneration 
after a period of negative nitrogen balance. 

thisein was chosen as the standard to which other proteins 
or protein hydroly.sates were compared as it is readily obtain- 
able, inexijensive, and amino acid analyses of different 
samples have shown remarkably good agreement (Dunn et ah, 
’46). Vitamin test casein GBI '* was the particular brand used. 

The basis of the assay is the comparison of the amount of 
dietary nitrogen in the form of casein with the amount of 

^ Pl’psont address: ITaiversity of Pennsylvaina Hospital, PliiladelpMa, Pn. 

* Present address: Wyetli Iiie,, Nutritional Division, Mason, Mielii^un. 

® Laetamin, Wyeth, Incorporated, Philadelphia, Pa, 

^ {.rfiienil Biocheniicals, Tne._, Chagrin Falls, Ohio, nitrogen. 
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oIIk'I' Tonus of dietavy nitrogen per 24 lioirrs required to main- 
tain an adult rat foi- 1 week witli no loss or gain in liody 
Aveiglit, after a preliminary period of 1 week on a protein-free 
diet, caloric intake being held constant. The nutritional quality 
of the nitrogen source being tested is then numerically ex- 
])r('Rsed by the ratio of the weight maiutcmancc level of casein 
niti'ogen over that of the nitrogen soui*eo being tested, casein 
nitrogen being assigned a nutritional index of unity. 

EXrnKTMKNTAL 
Tc.^f procedure 

After completion of i)r<'liminary ex])erinients the procediire 
adopted was that described in the following paragraphs. 

Seventy or more male "Wistar rats of approximately the 
same age, weight and previous history were selected for assay 
groups. The weight varied from 180 to 800 gm. In any one 
test the variation between the weights of the rats was within 
;j 0 gm. 

The rats were individually caged in a constant temperature 
room maintained at 28° ±1°C. Weighed amounts of food 
Were fed in containers wliicli could not be easily u])set. Any 
sjhlled food was recovercal, weighed, and an erpiivalent 
amount given to the rat at the next feeding. Any rat that per- 
sistently spilled his food was excluded. Water was su]iplie<l 
ad lihlhiiiK Separate siqiplements of 2') ng thiamine hydro- 
chloride, 40 ug ribotiavin, 25 gg pyridoxine, 100 gg calcium 
pantothenate and 20 mg of choline chloride weix' given daily 
and 1 mg of ot-tocopherol ami 0.3 mg of vitamin K once 
weekly. The feeding and weighing of the rats were done at 
the same hour eveiy day. 

The assay interval consisted of 2 periods — the depletion 
period and the test period — each of 1 week’s duration. The 
daily allowance f)f ration, hence caloric and nitrogen intake, 
Avas f(‘d in amounts propoi'tional to the average, surface area 
of the test animals at the start of the as.say. The amount of 
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tJip <liet to l)e fed was cakulaied to the nearest gi-aui on tJie 
basis of 2.65 gm (11 eal.) per squai'o decimeter of suidacu area. 
Sarl'ace area = 11.66 X weight {(.'‘arinaii and Mitchell, ’26). 

Tlie diet fed daring' tlio 7-day depletion period had the fol- 
lowing composition: oerelose 79, hydrogenated cottonseed oil •' 
1.5, salt mi.x'tnre 4 (U.S.P. no. 2) and cod livi.n- oil 17.8. P. 
On the eighth day, the rats received the nsnal amount of 
protein-free diet at 9 a.ni. At 11.00 a.rn- the rat.s wei'e weighed 
and at the same time any uneaten food removed from the 
cage. This procedure was fomid to give the most consistent 
weights. kSonie of the rats had eaten their ration within the 
iii'st few hours on the previous day and consequently would 
have* heen in a fasting state unless fed on the followin.g 
morning hefoi'o the time of weighing. AVithout this additional 
feedi]ig the weights of the rats varied considerably, depending 
on how ra])id]y the diet on the seventh day had heen consumed. 
The weight loss with this iDrocedui'e in 12 groups of 70-100 
rats varied from 8.6yr ± 2.1(:7 of the oi'iginal weight. In any 
single experiment the average deviation was ± 0.7% . 

Sixty-five of the de])leted animals, selected on the basis of 
conformity to the average weight drop, food habits in regard 
to food spillage and eonsump)tion of all the diet, were divided 
by weight into 13 groups of 5 each. AVith these 1.6 groiqis, 
6 test suhstanees and a casein standard could he conqmred. 

One group of 5 was continued on the protein-free diet. 
Tliree groups of 5 were fed diets containing 0.66, 0.72 and 
1.08% casein nitro,gen which is equivalent to 2.5, 5*0 and 
7.5%. casein. The I'cmaining 9 gi'oups received equivalent 
amounts of nitrogen obtained fi'oin each of the 6 protein 
materials being tested. These nitrogen levels were chosen 
because under the conditions of the expei'iment the weight 
change values obtained were found to fall in a suitable I’ange 
for interpolation of the value of the amount of nitrogen fed 
daily which would cau.se neitlier loss or gain from the depleted 
weight. 


Ci’iseo. 
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Tlio dried lest substances ” Avero incorporated into the 
proteiii-fj'oe diet at the expense of the cerelose, so that all 
diets Avere very nearly iso-caloric, containing 47 cal. per- gin 
of diet. 

Those diets Avere then fed on the eighth day at about 2 jmn., 
several hours being required to divide the rats into groups, 
and froni then on for G more days. On the fifteenth day the 
animals AV(‘re fed at OrOOA.Ai and Aveighed finally at 11 :06 .-x.-Ar. 
T!ie rats Avero I'oturned to the stock iliet, supplemented AAutli 
AA'liole milk juiAvder, for 2 or 3 AA’ceks before, being* used for 
a ssay. 

A ])lot AAUis made of tlie change in Aveight of each group from 
the end of tht' depletion period to the end of the test period 
against the milligrams of nitrogen fed daily. The amount of 
nitrogen of each protein or digest necessary to maintain a 
constant Aveight in the depleted rats Avas taken from the 
graph ; this Avas the point at Avhich the curA^'es crossed the point 
of zero Aveight change. Nutritional indexes AA'ere then cal- 
culated. 

Prelim imry experiments 

The Avoight changes of protein-depleted rats fed \mrious 
loA'els ot casein Avere iiiA'cstigatod. SeAmn groui)s of 5 rats 
each (average Avoiglit, 220 gm) Avere depleted of protein for 
1 AA*('ek. One group avus continued on the protein-free diet, the 
other 6 groups received 10 gm of diets containing respectively, 
0.20, 0,57, 0,8G, 1,15, 1.45 and 1.72% casein niti'og’en. The 
group.s Aveiv Aveighed daily for the next 12 days and the 
avei-age daily Aveight change from the Aveight at the end of 
tile depletion period Avas plotted against the daily nitrogen 
intake. Tlie curves for several of the days are presented'' in 
figure 1. It may be seen that an approximately straight-lino 
relation.sMp Avas obtained in the regions of ' Ioav nitrogen 
intake. T he amount of daily nitrogen sufficient to maintain a 
constant AA'oight Avas interpolated from each curve. Values 
obtained on the fifth to the tAArdflii days (excluding the tenth 

“Hj-ai-r.lysnto solutions iirosoutcd for assay were flriod from tli.. frozen at.'ite. 
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flay) were 82, 85, 80, 78, 79, 80 and Sling of easein nitrogen 
(average 80.8) required per day for weight maintenance. Since 
a constant value Avas obtained from at least the fifth day on, 
it Avas decided that a 7-day test period Avould be of sufficient 
duration. 

The validity of body Aveiglit changes, as a measui'e of 
lu'otein nitrogen utilization under tlie conditions described 
in tlu' above section, wns iiu'estigfited by a .series of nitrogen 
balance studies patterned after those used by Melniek and 



INGESTED NITROGEN MG/DAY/DM' 

Fi| 4 :. 1 TIk* weight eliaiige of protoin-depletotl i-ats fod varying amoniiia of 
east'in nitrogen, (The mini iter in the pareutheKis indientes the number of days 
tti‘ feeding.) 

(V)Avgill (’97) in the determination of the mniiinal protein 
requirement foi’ the estaldisliment of nitrogen equilibrium in. 
dog.s. Rats fi'om groups being fed casein diet.s AA'ere placed in 
metabolism cages and urine and feces AA^ere collected for the 
last 4 days of the assay test period. The aA^erage nitrogen 
balances for the 4-day peiiods and average changes in Avcight 
(hiring the test period Avore plotted against daily nitrogen 
intake. The results of the typical experiment, presented in 
figure 2, shoAA’' close positive correlation hetAA’-een nitrogen bal- 
ance and body Aveight change Avitb respect to daily nitrogen 
ingestion, hence it may lie assumed that tin* Aveight eliange.s 
oliserved are valid criteria of comparative nitrogen utiliza- 
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tioii. Ill all (‘xjicM’iiuenls, tlio daily ainouiit of nitrogen reqniroil 
for nitrogen h-alaneo oquiUlirimu was loss than necessary for 
weight niainlonaiiee. 
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n-RSULTS 

Pile assay procedure described was used routinely to evalu- 
ate the nutritional quality ot commercial batclios of y)ancreatic 
dii--os1s oi' laetalbmnm, Tlio dig-e.st8 were found to be of urii- 
fonn nutj-itioiml <|uality (tal)]e 1). Tii table 1 is also pro- 
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seiited a list of nutritional indexes found for several other 
proteins and protein dis'ests by this method of assay. 

The results of a typical assay are presented in figure 3. 
In this assay a sample of lactalbumin digest, undigested laetal- 
bumin, and a sulfuric acid hydrolysate of casein were com- 
])ared with the casein standard. Tlie daily amounts of nitrogen 
required for weight maintenance in mg/day/dm-' were casein 
20.9, lactallmniin 12.6 and lactalbumin digest. 15.8, resiiectively. 
The nutritional indices were calculated to lie 1.5S for lactalhu- 



?> Body ’weight eliimge of proteiii'depl(3tGd rata when fed varying levels 
of eaacin, laetalbumin, panereatic digest of .laetalbnmin and acid hydrolysate of 
msein. o — easein (eiirve 11); pancreatic digest of laetalbnndn (curve }); 
X — lactalbiiiniii (curve 3); acid hydrolysate of casein (curve 4). 

min and 1.39 for lactalbumin dige.st. In this and other te.sts the 
enzymatic digests of lactalbumin, either commercial or labora- 
tory preparations, while always nutritionally superior to 
casein, were found to be inferior to undigested lactalbumin. 

The weight change curves are typical of the results con- 
stantly obtained (higher nitrogen intake canses increase of 
weight) except in the case of the acid hydrolysate of casein. 
This product, fed in a small amount (approximately 10 mg 
N/dm“y'day), does not cause a weight loss as large as does 
a diet entirely devoid of protein nitrogen; however increasing 
amounts of nitrogen lead to a progressively greater weight 
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loss. From tliese results it would seem possible that a large 
amount of protein hydrolysate nitrogen deficient in 1 or more 
amino acids would be more harmful to the animal than a diet 
entirely free of nitrogen. Such an effect has been reported by 
Frazier et ah (’47) who employed experimental diets com- 
posed of mixtures of crystalline amino acids. 

In the course of this investigation 4 large groujas of rata 
were maintained for assay purposes. Each grotrp was used 
for 2 or 3 assays before being discarded. One group was 
subjected to ti successive assays to determine if the increasing 
age and weight of the animals and repeated stresses of the 
procedure would affect the value obtained for the amount of 
casein nitrogen required for weight maintenance. 

In table 2 ai-e presented the experimental values obtained 
for casein and lactalbumin using the various assay groups. 
The weight maintenance level of nitrogen was not found to be 


TABLE 2 

Xiirogm reqnircmeut for ivcighf maintaiancc of roU imrtially 
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dependent on tlie group of rats used or to be affected by tbe 
number of times up to 6 that tlie group bas been used. The 
average value of all the determinations was 21.C ± 1.2 rag of 
casein nitrogen, 'day/dm®. The average value for lactalbnmin 
MTis 12.9 rh 0.4. The average deviation of approximately 
±5% indicates that under tliese experimental conditions con- 
sistent results may be obtained. 

DISCUSSION 

By subjection of the assay animals to a state of protein de- 
pletion, a condition is created which simulates that present 
in human patients recpiiring dietary protein therapy. De- 
pletion of the rats ’ body stores of protein and the feeding of 
dietary protein at sub-optimal levels probably enhances the 
sensitivity of the assay, since the nutritional economy of the 
animals would require that the protein nitrogen be maximally 
utilized for the more essential processes of tissue maintenance. 
Under these conditions the responses produced by proteins 
or digests of different nutritional characteristics are empha- 
sized. The response produced by each test sample is com- 
pared with that produced by a casein standard, thus 
neutralizing extraneous factors and allowing less exact speci- 
fications of the weight, age and breed of the rats employed. 
Since the respoiise is evaluated with respect to the amount of 
nitrogen fed, the nutritional index is a measure of the diges- 
tion, absorption and utilization of the protein test substance. 

Each group of rats may he used for several assays, pro- 
vided a repletion period of 2 or 3 weeks is permitted between 
assays. The increasing size of the animal in subsequent assays 
is ('ompen sated for by increasing the daily dietaxy calorie and 
protein nitrogen allowance and by calculating the nitrogen 
maintenance requirement on the basis of surface area, Tbe 
simplicity of the method recommends it for routine assay 
purposes. The 2-week assay period is relatively short for au 
animal assay. The only manipulations are those of weighing 
the rats and the daily rations; chemical analysis is limited 
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lo iliat of the dpierraiiuition of nitrogen in casein and in the 
proteins or jn'otein digests being tested. 


smurAEY 

An assay for the evaluation of the nutritional quality of 
proteins and ])rotein digests lias been described. The assay is 
Ijased on the deterniiiuition under standaiulized conditions of 
tlie amount of fed ijrotcin or protein digest nitrogen necessary 
daily to maintain a constant weight in adult rats that have 
been partiallj- depleted of body protein. Rats are fed a pro- 
tein-free diet for 1 week; A'arioiis groups are then fed vary- 
ing levels of each test sample for the second week. The daily 
allowance of ration is -inoportional to the average surface area 
of the rats. By plotting body weight change during the second 
week against daily nitrogen intake, it is possible to inter- 
polate the amount of nitrogen necessary to maintain constant 
weight in the partially depleted animal. Each test substance 
is evaluated by comparison with a casein standard. 
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The riboflavin requirements as well as tlie symptoms of 
riboflavin defieiency have been described for many species of 
laboratory animals. Bessey and 'Wolbacli ( ’39) reported in 
some detail the cutaneous and ocular lesions shown by rats 
deficient in this vitamin. In the same year Street and Cowgill 
( ’39) published results obtained with dogs maintained on a 
synthetic, riboflavin-deficient diet. These workers found that 
a daily supplement of 25 ng of riboflavin ■i)er kg of body weight 
would maintain dogs in apparent good health for a consider- 
able period of time. Lippineott and Morris (’41- ’42) and 
Morris and Robertson (’42- ’43) studied many aspects of the 
problem using mice of the 0;,H strain (highly susceptible to 
spontaneous mammary tumors). Prom a clinical viewpoint 
the monkey is a most interesting experimental animal. For 
thi.s reason especially the work of Coopernian et al. ( ’45) 
deserves attention. These workers have concluded that the 

^ Tins work wos supported by a grant from tlie Aiiierieau Cancer Society on 
recommendation of tlie Committee on Growtli of tlie Kational Bcsearch Council. 
Some of the early esperimentH were carried out with funds from Ibe Nutrition 
Foundation^ Ine., and the Anna Fuller Fund, 
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Eioiikey requil’es 25 to 30 qg of riboflavin per kg of body 
weight, fignires in good agreement with those of Street and 
Cowgill (’39) for the dog, Cooperman et al. (’45) have de- 
scribed the cutaneous and ocular changes seen in the ribo- 
flavin-deficient monkey. Tliey also reported lowered red and 
white cell counts and hemoglobin levels. Kornberg, Daft and 
Sebrell (’45) described similar blood changes in riboflavin- 
deficient rats. It is rather interesting to note that the blood 
picture of the monliey could be restored to normal more 
readily when riboflavin was administered together with whole 
liver, and that in the rat the red cell count could ))e restored 
with riboflavin but that the granulocytoirenia responded best 
to folic acid. Finally, Bird and associates (’46) have deter- 
mined the riboflavin requirement of chicks and poults to be, 
respectively, 2.75-3.25 and 3.25-3.75 ng per gm of food. 

The mouse has long been known as an ideal laboratory 
animal for studies in genetics, cancer, infectious diseases, 
serology, etc. Yet ])y comparison with the rat very little is 
known of the specific nutritional requirements of the mouse. 
The need for quantitative information concerning the demand 
for riboflavin is enhanced by the possible relation of this 
vitamin (along with others, of course) to the cancer problem. 
The protective action of riboflavin against liver tumors in- 
du(.‘ed by azo dye.s has been demonstrated by Miller and 
associates (’41) and by Suginra and Kensler (’41). While 
most of the azo dye work has been done with rats, due to 
the peculiar susceptibility of this species, one must consider 
the possibility that liboflavin may exert a similar protective 
action in the mouse, Avhich is susceptible to o-amino-azotoluene 
as shoTO by Andervont and Edwards (’42- ’43) and by Kirby 
(’45). Morris and Eobertson (’42- ’43) have studied tlje re- 
tarding effect of riboflaviu-cleficient diets on the growth of 
spontaneous mammary tumors. 

^ In view of the need for precise information about the nutri- 
tional requirements of mice it was decided to study their rates 
of growth on several synthetic diets differing only in their 
content of riboflavin. Since Eogors, McElroy and Cow'gill 
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(’42) liad noted tlie existenee of strain differeueos in tlie 
nutritional requirements of mice, this investigation was car- 
ried out with 2 highly inbred strains — 0^ (low incidence of 
spontaneous mammary tumors) and A (high tumor in- 
cidence). 

BXPEEIMENTAt, 

Five synthetic diets differing only in their riboflavin con- 
tent were used in this study. Diet 120 had the following per- 
centage composition: “vitamin-free” casein 30, hydrogenated 
cottonseed oil ^ 15, roughage 3, salts * 7 , dextrose O.P. 45, 
linoleie acid 0.41, and cod liver oil concentrate 0.30. Each 
100 gm of ration also contained the following vitamins : a- 
toeopherol 9 mg, choline 150 mg, inositol 100 mg, p-amino- 
benzoic acid 100 mg, calcium pantothenate 3 mg, nicotinic acid 
1 mg, thiamine 0.5 mg, and pyridoxine 0.5 mg. While no ribo- 
flavin was added to this basal ration, it was found by fluoro- 
metric assay to contain as trace contamination 0.03 mg of this 
vitamin per 100 gm of diet. The other 4 rations used here 
differed from the basal in containing the following added ribo- 
flavin per 100 gm: no. 121 diet 0.2 mg, no. 122 diet 0.4 mg, no. 
123 ration 0.6 mg, and the no. 124 diet 1,0 mg. 

A total of 108 male mice of the C57 and A strains, weaned 
when 21 days old, were used in these studies. The animals were 
placed in individual screen-bottom cages and fed diet 120 
(“riboflavin-free”) for 1 week. At the end of this depletion 
period they were divided into 5 groups which were fed, re- 
spectively, diets 120, 121, 122, 123, and 124. Care was taken 
to distribute litter mates as uniformly as possible. The cages 
were kept in an air-conditioned room maintained at 75°P. and 
50% relative humidity. The animals were weighed daily (with 
a few exceptions in the early phases of the experiment). 

To determine the effect of riboflavin-low diets on adult 
mice, males of the 0,-7 strain (16 to 18 weeks old, raised fi'om 

* Crisco. 

» Buff ex. 

* Sure’s Salts no. 2. 

® White’s Cod Liver Oil Concentrate Liquid. 
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weaning on a syntJietic diet liigli in riboflavin and similar 
in composition to no. 124) Avere placed on diets 120 and 121. 
These animals were Aveighed once a Aveek. 

in a number of instances food consumption wms measiired 
by placing 4.0 gm of the diet in a half-ounce glass jar into 
the coA'cr of Arhich a hole of J-iuch diameter had been cut. 
A circular piece of |-incli mesh Avire screen AAms laid loosely on 
iop of the food. This piece Avas small enough to sink freely 
toward the bottom of the jai’ as the food Avas consumed. The 
entii'o jar assembly Avas placed in a 150-ml beaker. Usually 
i 7 i the course of 24 hours some food AA’as spilled into the 
beaker and AA'as AAmighed together A\flth the residue in the cup. 
In another series of e.vperinients it AA’as found that food 
spillage outside the heaker was oi'dinarily so small as to be 
completely iusiguiticant. 

Red and AAdiite cell counts Avere done on blood obtained by 
clipping the tip of the tail; hemoglobin AA'as determined by the 
alkaline hematin method AA'ith the aid of the EA^elyn photo- 
electi'ie colorimetei’ (hAelyn, ’36). RiboflaA'in determinations 
oji muscle and livei* of 70 animals Avere carried out by the 
method of Peterson, Rrady and Shaw (’43). 


EESl’LTS 

A distinct strain difh'rcncc hocamc apparent in the groAAflh 
lu'sponse to the rihoflaA'iii-free diet during the 1-Aveok deple- 
tion period. Mice of the P .-,7 strain gained AAmight steadily 
dui'ing this intei'val AAhile A strain mice gained less AA’cight 
a)id OA’en slioA\"ed some Aveight loss before the end of the 
depletion iioi'iod. In the fli’st g!‘ou]7 of experiments (fig. 1 A) 
maximal groAvfh was obtained Avith the Cr ,7 strain when the 
diet contained 0.4 mg of rihoflaAin per 100 gm of diet (shoAAm 
graphically as open circles). On the other hand the A strain 
shoAved maximal gi'OAA'th only at a rihoflaAun leA'el of 0.6 mg 
per lOOgmi of diet (open triangles). In figure 1 A the results 
Avitli diets 123 and 124 (0.6 and 1.0 mg’ level) Avere eomhined 
since ihcA’- avcvc identical. 
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To test further the ap]>areiit strain difference in riboflavin 
riKprirement more mice of both strains were placed for 1 week 
on the riboflavin-free diet (no. 120) after which they were fed 
diets 122 or 123 (0.4 and 0.0 mg of riboflavin per 100 gm of 
diet, respectively). The results are shoAvn graphically in 
figure 1 B. The response of the 2 strains to the depletion 



-Fifj. 1 Weights during the 7>day depletion period (the ends of which are 
iiiilieuted by arrows) are averages of all eomjiaxable groups regardless of subso- 
(jiiejit ribodaviii levels. The graphic symbols are as follows: diet 120 XXX; 
diet 121 diet 122 000; diets 123 and 124 coiuhined AcA.A; diet 

123 HBB. P values ivere calculated on the basis of total weight gfiiiis above 
the weaning iveights. Mice shown iii dgure lA were followed until 70 days 
old, those in figure IB until 50 days old. 

diet was identical with that observed in the first experiments 
(fig. 1 A). Mice of the Car strain again grew equally well on 
diets 122 and 123 while A strain animals grew better on the 
diet with the higher riboflavin level. In these experiments, 
however, the diffei'ence was small though significant as seen 
by the P value calculated for the respective increase in weight 
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from age 21 days to 50 days. To . determine the reason for 
the large difference seen in figure 1 A and the small difference 
in figure IB shown by strain A on diets 122 and 123 these 
animals were grouped according to weaning weight (fig. 1C). 
The animals fell into 4 groups: 7-7.9, 8-8.9, 9-9-9, 10 to 
10.9 gm. In all 4 groups the animals receiving the higher 
riboflavin level grow better, hut the difference is not sta- 
tistically significant for the 2 groups of greatest weaning 
weight. 

The efficiency with which the A strain mice utilized the 
various diets for body weight gain is shown in figure 1 E. 
The first point of each line represents the ratio of weight 
gain to food consumption during the initial week on the 
riboflavin-free depletion diet (no. 120). The final point on 
the line is the ratio computed for total weight gain and food 
consumption in the second and third weeks of the experiments 
during which the animals received diets of varying riboflavin 
content. The mice which were continued on the riboflavin-free 
diet showed during the second and third weeks of the experi- 
ments less weight gain per gm of food consumed (the ratio 
is actually slightly negative since the animals lost weight). 
On diets 122 and 123 the weight gain per gm of food con- 
sumed was greater than during the depletion period, hfice of 
the Or, 7 sti'ain showed a considerably greater weight gain 
l)er gm of food consumed during the depletion week than did 
animals of the A sti-ain. 

"When adult male C .-,7 mice were fed the rihoflavin-free diet 
(no. 120), they continued to gain weight for a short time. 
Soon, however, they slowly declined in weight and gradually 
showed the lesions characferi.stie of riboflavin deficiency. Dur- 
ing the eleventh week on this diet the weight loss heeame much 
more pronounced and during the tenth week the first death 
in this group occurred. Adult mice fed diet 121 continued to 
gain weight slowfly. These results are plotted in figure 1 D. 

The riboflavin content of muscle and liver is shown in 
table 1 together with red and white blood cell counts and hemo- 
globin levels. It is interesting to note that the A strain ani- 
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inals showed practically identical tissue riboflavin levels and 
blood pictures on diets 121, 122, and 123. Ou the other hand 
the Car strain reared on diet 121 had distinctly lower tissue 
riboflavin levels than when raised on diet 12.3. The Cnr mice 
ou diet 121 also had lower red cell counts than did comparable 
animals on diets 122 and 123. Tlie adult CV.t niic(? maintained 
ou diets 120 and 121 had the lowest red cell counts, hemogiobin 
levels and muscle and liver rilioflavin concentrations of all the 
groups studied. 


TABLE 1 

Oojnpilaiion of data on Mood eovnfs and the rihoflavin 
content of mvscle and liver. 


STRAIN 

DIET 

CEIilj COUNTS 

HKJtO' 

GU-OBIN' 

% 

SlBOFl/AVIN 
/iO/OM WET TISSUE 

muscle liver 

RBC 

X 10« 

WBC 

XlO» 

: young mice 

121 

9..3a(S)^ 

10.2(4) 

17.4(4) 

.8..5(5) 

25(4) 


122 

9.97(13) 

9.3(12) 

16.9(3.3) 

4.4(14) 

30(14) 


123 

10.02(11) 

7.3(11) 

17.1(11) 

5.3(11) 

32(11) 

A: youngmiee 

121 

9.23(6) 

6.7(6) 

15.1(6) 

6.0(7) 

33(6) 


122 

8.98(19) 

6.6(18) 

15.1(18) 

6.0(12) 

33(14) 


123 

0,02(17) 

7.8(16) 

35.1(17 > 

5.0'(8) 

33(7) 

CjT : adult mice 

32(1 

7.01(12) 

6.8(13) 

3, 8.1 (4) 

2.7(2) 

13(2) 


123 

8.48(7) 

8.5(7) 


3.4(.'?) 

17(4) 


^ Tlio miraerals in parentliestis indicate tlie immTier of dett.o'inhiotion.s. 


DISCUSSION 

The relationship between weaning weight and the subse- 
quent requirement for riboflavin emphasizes the importance 
of careful nutritional standardization of the breeding colony. 
Minimal variations in the w^eaning weights of mice may be 
expected when the breeding stock is maintained on a near- 
optimal diet. In our efforts to accomplish this we have, how- 
ever, been struck by the cost of such rations when compared 
with commercial feeds which all too frequently cannot be 
called optimal. Our findings with respect to the importance 
of weaning Aveights are supported in part by the report of 
Sherman and Ellis ( ’39) that the progress of young rat.s on 
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riboflavin-dofic'ionf diets depended upon the maternal riho- 
fiavin intake even ilioiia'h <his intake was 3, 7 or 10 times the 
minimal requirement. (Jlandinin (’40) found that tlie early 
growth rate of chicks Avas influenced by the maternal riboflavin 
intake. Although all animals in our breeding colony received 
die same ration, it may well be tliat tlie individual differences 
in lactation efficiency, which ga^m ri.se to different Avoaning 
Avoights of tJie young, Avere also reflected in different eoncen- 
1 ratioms of riboflavin in the tissues of the young. Varying tissue 
vitamin levels at the start of the experiment may he expected 
to giv(i rise to different groAvth rates especially on diets con- 
taining marginal or submarginal leAmls of riboflaAun. 

The reduced food intake of mice on riboflaAdn-deflcient diets 
has been pointed out by Morris and Bobertson (’42- ’43) and 
others. In agreement AAuth our results (fig. lE) Mannering 
and ElA-elijem (’44) have reported iioor utilization of such 
deficient diets for groAvth and maintenance. It is interesting 
to note that Or, 7 strain mice on diet 122 (Avhieh just gives 
maximal groAAdh on this type of ration) ingested in the neigh- 
borhood of 500 (jg of riboflavin per kg of body Aveight per day 
— which is roughly 20 times the leA'el reported for the dog 
and the monkey. SaicIi a difference in the per kg requirement 
of riboflavin for 2 specie's differing Avidely in body size agrees 
well Avith the calcnlations of Cowgill (’32) for the thiamine 
requirement. 

The los.s of liody Avoiglit of adult mice kept on riboflaAuu- 
deficiont diets for 0 AA-eeks Avas found by Moriis and Robertson 
(’42- ’43) to be about one-third of the initial AAX'ight of 0.(11 
animals. The loss shoAvui by our Or, 7 adults was found to he 
someAvhat less. lYc harm oliserved, hoAvover, hi unpulilished 
experiments that A strain mice under such conditions lost 
Aveight more rapidly than 0r,7 animals. It may or may not 
he significant to mention that both the A and OsH sti-ains 
show high incidence of sijontaneous mammary tumors 
Avffiereas tlie Or, 7 strain does not. The lesions avc have ohseiwed 
have been adequately reported by Langston, Day and Cos- 
Kiwe (’33), Lippincott and Morris (’41- ’42), and by Jones 
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et al. (’45), and tlierefore tlie description need not be re- 
peated here. 

We have observed that A strain mice generally show lower 
cell counts than do C .-,7 mice. One may therefore consider all 
of the cell counts of the A strain on diets 121, 122 and 123 
to bo normal. On the other hand the red cell counts of young 
Or,T mice were definitely lower on diet 121 than at higher 
riboflavin levels. The close parallelism betw’oen liver ribo- 
flavin concentrations and red cell counts does not necessarily 
suggest a causal relationship. The amount of the vitamin per 
gm of liver reflects probably the quantity of riboflavin avail- 
aide for functions such as red cell formation. It is a matter of 
speculation whether the lower tissue idboflavin content of C.-,v 
mice on diet 121 was due to the fact that these animals showed 
fairly rapid growth on this diet while the A, strain showed 
only poor growth. This slower growth rate of the A strain 
may possibly leave more riboflavin available for red cell 
formation and permit greater tissue saturation at the lower 
levels of dietary liboflavin. 

The strain differences which we have observed here with 
respect to the riboflavin requirement for growth, red cell 
formation, and tissue saturation do not necessarily have a 
dii'ect bearing on the cancer problem. It would lie prmnatnre 
to say that the higher vitamin requirements of the A strain 
determine its cancer susceptibility. It is, however, clearly 
evident that these observed differences may reflect diverse 
metabolic pattei'us, using the term in the widest possible sense, 
the sum total of which causes one strain to be cancer resistant 
and the other cancer susceptible. 


SUMMARY AND OONCLUSTONS 

1. The riboflavin requirement of 2 highly inbred strains of 
mice has been studied by measuring growth rates at various 
dietaiw levels of the vitamin after a 1-week depletion period. 

2. Mice of the Cr,T strain, showmd maximal gTowdh under the 
conditions of these experiments when the diet contained 
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0.4 mg of riboflax-iii per 100 gm, while the A strain required a 
dietary level of U.O mg. 

y. At an 0.2 mg level Cr,- mice had lowered red cell counts 
and muscle and liver riboflavin content, while the A strain 
showed no such diifei'enee. 
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The addition of methionine to a casein hydrolysate, or to a 
diet of mixed proteins does not increase the efficiency of 
nitrogen utilization in man (Cox et ah, ’47; Johnson et ah, 
’47). Since such an addition to intact casein does improve 
nitrogen utilization in other species (Osborne and Mendel, 
’15), and since the processing to which a hydrolysate is sub- 
jected during the manufacturing proce.ss may cau.so if to 
differ from tlie original protein, it is essential to determine 
the nutritive value of whole casein for man, and to eom])ar(‘ 
it with that of lactalhumin. 

EXPERIMENTAL OBSERVATIONS 

The casein and lactalhumin employed in the study were 
commercial products.^ Analyses for various coustitueuts are 
summai’ized in table 1. The casein showed tlie expected defici- 
ency in cystine but its methionine content and the cystine ami 
methionine content of the lactalhinnin, wlien corrected to a 
16 nitrogen basis, agreed closely with the values given by 
Block and Bolling (’45). Eacli lu’otein was fed to 20 rats at 

SSlieffield Farms. 
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iui iulako level of l.’i/V iiiiroi-eii ami tlie difference in growtli 
rate (lal)lo 1.) clearly indicated that the samples wei-e repre- 
sentative of (‘nsein and lactalbmiiin. 

The study was made on 4 adult male vokmteers : 3 labora- 
tory workers and 1 cho'ical worker. vVll Avere found normal on 
the usual clinical examination, and continued tlieir usual 
duties during the study. One subject contracted an epidemic 

T\r>Li-] 1 

Aitahidc (‘oin/fdrisdti of roscii} and hirtalbn min. 
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‘ \Vi‘ ;trt* iiide-fitidl to jNIr. L. X. l.>t'Alillt‘r for tln'si* analyst's. 

~ \V(‘ aro iudcliiod to Dr. T>, Morris for Itiis determination. 

Analyses hy Pood Jithsoarcli LalKiralories, .\tnv York. ( Vstine Kaa dett'nnintnl 
}iy a rttlorimelrii' jtroeedure : liUd'k and Bolling’ (’-tn) ; sot‘ ]>. Id:^. 'Metliioniiie was 
delfj'injiied liy a miertdiiological proe.ednro: Blokes ot al. (’-to). 

■‘Average for LNl rats (Hi eaeli protein ft‘d at It'vtd of !1.2<’,'v nitrogen for S Wt't'ks, 
Diet: Lard, ; salt ini.stnre, 4; rod liver oil. 2; wh<>at g(*nn oil, 1; vitamin mix- 
ture, d.2 ; easoin or laHallnmiin, 8.92, 9.75 ; dextrin to make DIO. 

infection (“influenza”) during the last period on lactalhurain, 
and it was necessary to terminate his ]jart in the study. The 
sultjects were depleted of their ])rotein stores for a period of 
12 days, since in an earlier study (('ox et ah, ’47) a 21-day 
protein depletion had demonstrated that a steady state of 
minimal niti'ogen o.xeretion was reached in 8 days, and that no 
good purpose was to he achieved hy longer depletion. The 
pi'otein depletion diet of 3\rueller, Fickas and Cox (’43) Avas 
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employed; tlio nitrogen intake from tlie low-nitrogen vege- 
tables and fruits was limited to d.OOS gm nitrogen per kg; and 
the caloric intake was. maintained at 40 cal. per kg body weight. 
The nitrogen content of coffee and the soft drink used was not 
considered in the intake and was subtracted from the urinary 
nitrogen. 

A level of supplementation insuflicient to produce nitrogen 
retention was intentionally chosen. It was tliought that a 
continued small loss of nitrogen was preferable to i-etention 
for comparative purposes, since we wislied to insure a ma.xi- 
mal utilization of tlie ingested protein and maintemnn'e of a 
reasonably steady condition of nitrogen stoimge. A furtlicr 
reason was that if positive balances sliould not be attained, 
the depletion periods could be used to calculate an average 
endogenous excretion. The suiiplementation level was 2% of 
the calories as the added protein, or 0.033 gm nitrogen per kg. 
This was 80% of the total protein intake, since O.OOS gm nitro- 
gen per kg came from the basal diet. 

In order to rule out tlie effect of antecedent conditions, each 
protein was fed alternately for two 4-day periods and each 
.supplemented period was followed by a 4-day depletion 
period. Thus, there were 4 depletion periods of 4 days each 
from which the jiverage endogenous urinary and feenl values 
could be calculated. It was feasible to use all of the depletiou 
periods for this pin-pose since no storage of nitrogen occurred 
during supplementation. 

Daily determinations of calorie and nitrogen intake (based 
on analyses of the actual foods employed), and urinary and 
fecal nitrogen were made. The standard maero-Kjeldabl 
method was employed for nitrogen, and the fecal samples 
were prepared for analysis liy stirring with concentrated 
sulfuric acid. 

The essential intake and excretion data are given in detail 
in table 2. The dally balance determinations have been aver- 
aged for the 4-day periods. It is readily ajiiiarent from the 
balance column that in none of the iieriods do the, 4 daily 
balance values differ from tlie average value more than might 
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liave been expected. Maximum variation is seen in period 6 
(lactalbumin) and period 8 (casein). Even tliese daily varia- 
tions, liowever, are slight. When the data are averaged for 
each subject, the similarity in performance of the 4 men is 
even more apparent (table 3). A comparison of the individual 
balances during the supplemented periods sho"ws that during 
both casein periods tlie 4 subjects had very uniform values, 
but that both lactalbumin periods "vv^ere characterized by some- 
what more variation between individuals. None of the varia- 
tions were sufficiently large to change the interpretation. The 
uniformity bot'ween individuals under the conditions of this 
experiment is suggested by the so-called “endogenous” values 
during the 4 depletion periods. The maximum variations 
shown by individuals during these periods w^ere only 0.65, 
0.78, 1.00 and 0.66 gm (table 3) of nitrogen. This observation 
is of value in indicating that the subjects were in a steady 
state of nitrogen metabolism and hence suitable for compara- 
tive assay. 

The average balances of the 4 subjects are presented in 
figure 1 by means of the method of graphic presentation sug- 
gested by Keifenstein, Albright and W ells ( ’45) . Tlie nitrogen 
intake is plotted as an area from the zero line toward the 
bottom of the diagram; the total excretion is indicated by the 
height of the column above the intake level, and the urinary 
and fecal values are indicated by the waved line. In this ar- 
rangement the projections of the columns above the zero line 
represent negative balances. A positive balance is shown by 
that amount by which the total height of the column does not 
reach the zero line. Since all balances in this study were nega- 
tive, the differences in the height of the columns above the 
zero line are of major interest. The most pertinent portion of 
the columns have been darkened merely for emphasis. 

One can see by inspection that the balances with casein and 
lactalbumin are identical for all practical purposes. Both 
fecal and urinary excretions show exactly the same pattern of 
changes with both proteins. There is 1 exception, namely, the 
high urinary nitrogen during the first depletion period follow- 
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iiig casein sxijTpleiiientatioii. Tliis may be partially explained 
on tbe basis of a transient infection shown by 1 subject wlio 
experienced loose stools, otori*]iea and rliinitis on this day. 
Ont» other sul.)ject on tliis day repoided that he was developing 
a cold. Tliis (.explanation is proliably valid since the depletion 
poT’iod following tlie administration of casein for a second 
time gave average (‘xcretion values consistent with those fol- 
lowing other supplementation periods. 



DAYS 


I Avt'i’ugv tlnUy intake, iiitrogcni })a, lance and iiriiiarj and fecal 

nilroovii excretion of 4 lieallhy men during protein detdetion and subsef|uent sup- 
pLniientntiun uitii casein and witli lactailminin. Protein was added to the basal 
(iiet (0.008 gm nitrogen pm* kg) to supply 0.033 gni N per kg body weight. See 
tc‘Xt for construction of tin* iigure. 

The figure clearly iudicfites also that the fecal excretion 
(luring the depletion periods was always greater than the 
nitrogen intake, strongly suggesting that much or all of the 
nitrogen of the basal diet was not available for utilization. 

Table ?> gives the calculated biological values. We have 
employed the raetliod of Alitchell ( ’24), and for the individual 
calculation.^ used the average eudogonou.s urinary and fecal 
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!iilroi‘'on of eadi su])jeet for the 4 (loi)lc4ion jieriods. Tlio 
values sliow g'ood a.i»'reemout. Tlie imixi.iaun] va ilation hetwooii 
iiidi vidua Is on a single assay (wliieli is also tlio grealost varia- 
tion in 1lie wliole scries) was o])servod in llic first laetalhinnin 
period as that between 100 and 72.2), This variaiioii aiiproxi- 
niates that reiiorted by jMiteliell { ’24, tal)l(‘ 12) when tli(‘ assay 
ineibod was first deserilied. The average' l)iologi<-al values for 
file 2 casein jieriods wore cSO.O and i)4.7, and i*or tlie 2 ladal- 
linntin peidods 90.2 ainl 92.0. AVilli the varialilos known to 
exist in this tyjie of assay, those ^adnes must he ri\gard(sl as 
]>raetieally identical. 
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MUologu'uI viiliic. 


DISOrSSTOX 

Early observations (Osboiaie and "Mendel, ’15) indicated 
that casein and laetallminin wore nutritively different when 
measured by the growth of rats, and this finding was siibse- 
Cjuently extended to indude dogs (Lewis, '17), mici^ (Bauer 
and "Borg, ’43) and cliieks (Almqnist, ’42). It was only natural 
to inttM'j)i‘et these animal (hidings in terms of luiman nutrition, 
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.shK‘(! lIuTi.! is R ]^)i'epouderaiice of casein in cow’s milk and the 
lactailmiaiu content of mother’s milk is higher than its casein 
content. Since clinical exijevience indicated that better results 
attended the feeding of infants with mother’s milk, it was 
logical to attribute part of the superiority to a higher content 
of lactalhnmin (Holt, ’Jfi). 

'J.'he nutritive value of the 2 milk proteins in the feeding of 
infants was tii'st i)ut to experimental test by Edelstein and 
Langslein (’19). These investigators reported nitrogen bal- 
ance studies ou 4 infants who recanved varying levels of either 
ca.seiii or laetalhuniin for various periods. Their one he.st ex- 
]n‘riment was with an 11 -week-old child who was given a 
pro1ein-fi-ee diet (cane sugar, carrots, starch, butte]- and salt 
solution) foi- 12 days, followed by an 18-day period on casein, 
;) fi-diiy protehi-free period, and a final 13-day laotalbumin 
pei-iod. We have recaleulafed their data to obtain biological 
values comparable with those reported here: for casein the 
value was 85.0; for laetalhuniin, 87.4. During the 18-day 
ca.sein period, the infant gained 500 gm in weight; during- the 
laetalhuniin period, 190 gm. Two acMitional infanta, observed 
only for single 3-day periods, had recalculated biological 
■^'alites for casein ol 77.4 and 05.3, and for laetalbumin of 98.2 
and 07.0, respectively. Observations on the fourth infant were 
so iiitevrupted by technical difficulties as to he uninterpi-etahle. 
The author.s concluded that laetalbumin was superior to casein 
1 or inlant nutrition. ( )ur study of their data ill which we made 
no select 101,1 of values, does not support .such an interpretation. 
With consideration of the difficulties of working with infant.s 
and of the variation in biological values even in adults under 
very uniform conditions, their data do not demonstrate to us 
any significant difference in the 2 proteins in infants. 

It was not until Harrison (’3fi) showed that adequate nitro- 
gen 1 ( tention could he attained b\'' feeding- cow’s milk proteins 
to infants at a low intake level, and Gordon, Loviue, 'Wheatley 
and :\Iari)les (’37) showed that similar nitrogen retention in 
pieinaliiie ini ants could he attained by feeding equal levels of 
nitrogen as cow’.s milk and as mother’s milk that the earlier 
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concepts of the different nutritive qualities of the 2 proteins 
for naan became less tenable. 

It has been repeatedly demonstrated that the nutritive value 
of casein for rats ov dogs can be made equal to that of lactal- 
bumin by the addition of a small amount of cystine or laieth- 
ionine. Using a casein hydrolysate supplemented with 
methionine, Cox and associates (’47) showed that no effective 
improvement in nitrogen retention resulted from the added 
methionine when the hydrolysate alone or supplemented with 
this amino acid was administered to 4 groups of persons of 
varying protein need: (1) infants; (2) adults on a mainte- 
nance nitrogen level; (3) protein-depleted adults allowed less 
nitrogen than that necessaiy to attain nitrogen equilibrium; 
and (4) adults nourished solely by intravenous feedings. 
While this evidence strongly suggested that intact casein 
might be the nutritional equivalent of intact lactalbumin in 
man, it could not substitute for an actual experimental com- 
parison of the 2 proteins. 

The present experiment in w'hich the 2 proteins have been 
compared at low intake levels in healthy but slightly protein- 
depleted adults, leaves no doubt that the 2 substances are of 
equal value for adult maintenance. It is possible that a com- 
parison at higher intake levels would disclose some difference, 
but our earlier findings (Cox et ah, ’47) with a methionine 
supplemented casein hydrolysate at different intake levels 
would certainly indicate that this is unlikely. A new comparison 
of the 2 proteins should be made in infants, since the require- 
ments of the grovdng child may be different from those of the 
adult. However, in view of the 'work cited above (Edelstein 
and Langstein, ’19 ; Harrison, ’36 ; Gordon et ah, ’37 ; Cox et 
ah, ’47) it is unlikely that any difference betoveen the 2 pro- 
teins will be found even in infants. 

SUMMARY AND CONCLUSION 

Casein and lactalbumin have been fed at an intake level of 
2% of the calories to 4 well adults following a 12-day protein 
depletion. Two 4-day periods of supplementation with each 
protein were alternated with 4-day depletion periods. Nitro- 
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gen kilnnees and (.‘nleulatod biological values iuclicated that 
raseiu and lactallniiniu are (Hjnally effective in inaintaiuing 
nitrog'en lialauco in adult man. 
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(deceived for piiblieatioii Mtir Ho, 1947) 


Studies oil “ crude fiber” iu rations of small laboratory 
animals liave been reported previously, but thei'e exists iu tbe 
literature niucb conti'oversy as to its need and utilization by 
poultry. It is generally understood that excessive levels of 
“crude fiber” in poultry rations reduce feed efficiency, groAvtb, 
and egg’ production. On tbe otlie]' hand, the presence of 
“crude fiber” appears to be beneficial under certain condi- 
tions. For example, Sheehy (’39) and Bearse, Miller and 
McCleary ( ’40) observed that cannibalism i.s prevented by the 
introduction of extra “crude fiber” in the ration. However, 
such studios have been made with practical-type poultry ra- 
tions, and the fiber supplement may have contained effective 
nutrients other than fiber. 

In the study presented here, a iiurified soui’ce of cellulose 
w’as added to a “synthetic” ration nuti-itionally complete in 
all the known nutrients and free of fiber. The results sliow 
that the addition of cellulose to such a ration improved the 
growth rate and was otherwise beneficial. 

Woolley and Sprince (’4o) showed that 20 '/(' of cellulose 
supplied as Cellu-flour or powdered cellophane in purified 
guinea iiig rations w'as active as a growth stimulant. No other 
report on the growth promoting-action of cellulose in pnidfied 

^ Bcientifie paper no. A105. Contribution no. 20()0 of the Maryland Agricultural 
Experiment Station (Department of Poultry Hmsbainlry) • 
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I'titioiis lor siiui'il lalioraloiy aiJiinals (Doa-riiiniDants) is avail- 
able. 'Workers in various laboi^atories have iiicliided cellulose 
materials in jmi'Uied poultry rations but have uot made any 
rojjoiis oil its i!;'ro\vth~proinotiug effect. 


FAUKirLMhA'TAL PROeMDrU^: AXD DUSOLTS 

DaV'-old N<*\v Hampshire chicks were reared in electrically 
heai(Al batt(!i'i(»s with raised s(*]'(nm floors. Feed and water 
wc‘re sri})pjic*d nd lllnfidii thr(mi;*h()ut the 4-week experimental 
pfM*iod. 


TAIiLK 1 


C'oinposH idii (if hasal ration . 7 . 7 , >\ 


^fa^n inorrdifntfi 


*S' uppIriHi'vJs 'nirj/ ! no nm 

Glueofio ( * ^ ( VrLdo&o ^ ’ ) 

01.4 

TliijiniiiK* TK’l 

0.4 

(ynido) 

IS.O 

Itilkoliavin 

0.8 

Geltitiii 

10.0 

Ca ])aiilotlion;fto 

2.0 

Soylieini oil 

4.0 

('djoliiie Cl 

200.0 

Balts 1 M (Briggs, M6) 

6.0 

Xicotiiiu' at'id 

ri.o 

i ( — ) Cystine 

0.8 

Py ridoxine TTCl 

0.6 



Biotin 

0.02 



F{dic acid 

0.2 



i-Inositol 

100.0 



Pa ra-aniinobenzoie aekl 

0,2 



AI])ha-toi'oplu‘rol 

0.5 



2-Motliyl'P 4-iniplitlj<u:)uinone 

0.1 

'Vii.'iinin 

A in T.IT, 



Vitfiniin 

D;i in A.O.A.C. uuiis 170 



^ \ itiuniiis A and D.-, aif^ l)y dropper woelOy. 


llio hilsal ration (ll.p ,!j,'ivou in table 1 was used in tlio 
experiments and contains all nntrients known to be required 
by tite cliick. All snppleinents witli cellulose - were made at 
the expense of ^iucose. Food consumption records were taken 
in order to obtain teed efficiency data, and tlie clucks were 
wdydicd individually eaeli week. 

p‘Hufrox,-’ ii roiigliagc miltcriiil Uistrilnitol Uy tlu- Pislicr Sciratifie Co., 
’ittsliiirfrli, Ta., was its^d. Tt. is processed from rice liulls and contains 7li% alplia 
ceiluloac, tlu> balance beinfr simple ami hydvoceUnloses. It is reportotl to contain 
UfitUi'r proteins, fats nor vitamins ami gives an ash value of less than 1%. 
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The results of 2 series, summarized in table 2, show that the 
addition of from 5 to 15% of cellulose in the ration resulted 
in increased growth- and apparently greater feed efficiency 
values. The gi-eatest response in growth was at the 5% level 
of cellulose. The 10% and the 15% levels of the cellulose also 
gave better growdh and feed efficiencies wffien compared with 
the basal ration. Increasing additions of the supplement 
through 50% resulted in decreased growth, deci'eased feed 
efficiency values, and smaller statures when compared with 
chicks in group 1. More recent feeding trials (not shown in 
the table) have given similar growth responses with cellulose. 


TABLE 2 

Simmary of the effect of cellulose supplements in purifed cMch rations. 



SUPPIiEMENT TO 
BASAL DIET 113 

NUMBER 

CHICKS 

STARTED 

NUMBER 
DEAD AT 

4 WEEKS 

A%'ERArtE 
WEIOHT AT 
4 WEEKS 

FEED 
EFFICI- 
ENCY ’ 

1 

None 

16 

2 

gm 

308 

0.491 

9 

5% Cellulose 

16 

0 

354 

0.587 

o 

10% Cellulose 

16 

0 

340 

0.560 

4 

15% Cellulose 

16 

0 

340 

0.564 

t5 

20% Cellulose 

36 

0 

288 

0.434 

6 

30% Cellulose 

12 

0 

268 

0.311 

7 

40% Cellulose 

12 

0 

200 

0.312 

8 

50% Cellulose 

12 

1 

140 

0.215 

^ Total gain in weight 

Total feed intake 

No difference in 

feathering 

and no 

feather 

picking or 


cannibalism were observed in any of the experimental groups. 
It is interesting to note that as high as 50% of cellulose was 
constuned with practically no mortality, although growdh was 
poor. As much as 15% of cellulose in the ration wms tolerated 
without any ill effects. Statistical treatment given in table 3 
showmd that the 5%, 10% and 15% supplemental levels gave 
significantly greater growth responses compared with group 1. 

The droppings of the chicks on all levels of cellulose supple- 
ments were of a drier, firmer consistency than those of the 
controls. Feed consumption values and chemical analysis of 
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iLe dro])pings for a l-weok pcj'iod gave cligostibilities of 
■o'.VJ'/c, and 34.3% for iLe “onide fiber” fed at tlie 

5%, lU'/o and 13/; levels of cellulose, respectively. Analysis 
of the cellulose for “crude fiber” gave a value of 75.o8%.'* 


of variance. 


r. <ir V.MIIATKJN 

Mi-rfi]’ 

■' to (i.OG level. 


5502.33 ^ 
. 1796.59 


.l)IS(’U8SI0xV 

Idle exact reason for tlie inei-cased growth obtained l)y 
feeding cellulose is as yet unknown, but it is believed to be 
due to tbe presence of cellulose itself rather than to a possible 
c()ntaniinant (unpublished data). It is pos.sible that hydrolysis 
ol the alpha celhdo.so and of the simple and hydro-celluloses 
in the intestinal tract gives rise to small amounts of growth 
stimulahuy product (s) other than glucose oi- other than 
products that nniy be derived from glucose. Enzymes of 
microbiological or intestinal origin, or both, may be active, in 
such hydrolyses. It is known that certain microorganisms 
jiroduce cellulose-siditting enzymes. In addition, Baker (’42) 
and irungati' (’44, ’4(1) have shown that various micro- 
organisms possess the ability to metabolize cellulose. One or 
more ol the decoinposilion products derived from cellulose 
metabolism may act as growth factors. 

ft IS also possible that the mere physical presence of the 
cellulose may be beneficial in some manner. For instance its 
tiresence iii restricted amounts could aid in the intestinal’ ab- 
sorp ion of the nutrients. However, the feed elTieiency values 
for (1,0 0 .. 1 . % a.„| 13,/. lovol» „f ^ivon i,: fable 2 

IwiiriMta.' '' " fcwtioniiif! simply as a 

“ w,. wish fo tlniiiU iiabert p„p,.st f<,r 
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Tlie retarded growtli and lowered feed efficiency valnos witli 
the feeding' of tlie 20% tlirougli 50% levels of cellulose were 
IDrobably caused by a decrease in the availability of metabo- 
lizable simple carbohydrates, since the supplements were fed 
at the expense of glucose. 

This woi'k shows the imjjortance of including some source 
of cellulose (or pei-haps its decomposition products) in puri- 
fied laboratory rations in order to obtain maximum growth 
and feed efficiency. In addition, the beneficial effect of lim- 
ited amounts of fiber in practical rations may be more easily 
studied and better understood in view of this finding. 


SUMMARY 

The addition of 5%, 10% and 15%' of cellulose to a purified 
chick diet free of fiber but complete in all known nutrients 
resulted in a significant increase in growth. Additions of 
cellulose at levels ranging from 20% through 50% resulted 
in retarded growth but there w’as practically no mortality in 
these groups under the experimental conditions described. 
Possible reasons for the growth-promoting effect of cellulose 
are discussed. 
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A STUDY OF THE FASTING-HOUR EXIJRBTION OF 
THIAMINE IN THE URINE OF NORMAL 
SUBJE(H:S ’ 

KVANGELINE PAPACfEORGE AND GEORGE T. LEWIS 

hcpurimcnt of Emory ihiirersUy, (icoryU! 


ONE FIGURE 


(Received for |)ubli{‘ati<)u May 1(3, 1947) 


A number of excretion tests have been used as a measure 
of nutritional status with respect to thiamine. All are based 
upon the premise that the amount of thiamine available for 
excretion by the kidney depends more or less upon the ade- 
quacy of the supply in the body (Melniek, ’42). Of all the 
procedures employed the fasting-hour excretion test, first 
recommended by Holt and Najjar (’42), appears to be the 
most feasible for nutritional surveys. 

Melniek and Field (’42) reported good correlation between 
24-hour output and fasting’ excretion of thiamine in 37 sub- 
jects. The fasting specimens in this study, however, repre- 
sented a 4-hour period. Oldliam and her coworkers ( ’44) in 
their study of the thiamine requirement with 2 young sub- 
jects of pre-school age concluded that the 1-hour fasting 
excretion test reflected the nutritional status with resjjeet to 
thiamine. To our knowdedge no one has reported any ex- 
tensive comparison of the 24-hour urinary excretion of this 
vitamin with that in a 1-hour specimen collected immediately 
after the completion of the 24-hour period and following an 
overnight fast. Najjar and Holt (’43) apparently accumulated 
such data but we have not seen these published. Since the daily 

SVided by grants from tlie Nutrition Fonndatioiij Inc., and from the ITniversity 
Center in CTOorgia. 
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urinary ()uti)ut of tliiaiuiiio lias been used widely in assessing 
tliiamine nutritional status (Allen, ’43; Elsom et al., ’42; 
.TollilTe et al., ’39; ilelnick and Field, ’42), it seemed to us 
wortliwliile to compare this value with that of a fasting 1-hour 
specinum collected in the same metabolic period by normal 
individuals. This paper presents such values obtained from 
(i:) y<jmig’ adults. In an attemih, to more properly evaluate 
till' fasting’-hour c.vcretion test with the view of its application 
to survey work, a 4-hour clearance test following an oral 
test dose of 1 mg of thiamine hydrochloride wms also made 
on 2(1 of the subjects. 

jmocEmnii-: axd methods 

The subjects were 59 young men and 4 young wminen be- 
tween the ages of 19 and 28. They were all university students, 
and none had apparent signs of any vitamin deficiency. No 
attempt was made to control the diet since the 24-hour speci- 
men and the subsequent fasting-hour specimen from each 
individual were both collected during the same metabolic 
]KM-iod. The 24-hour urine collections w^ere made in the con- 
ventional manner, beginning after the voiding of the morning 
specimen of 1 day and ending with the moiming urine of the 
following day. The fasting-hour urines Avere collected essen- 
tially ac<‘ording to the procedm-e recommended by Holt and 
Najjar (’42). The subjects Avere instructed to abstain from 
f«)od or beverages enveept water beginning with the fourteenth 
hour of the 24-hour ])eriod. Upon completion of the 24-hour 
colled ion they were asked to note the time and drink 1 glass 
of water. The fast ivas continued for another hour at the 
end of Avhich the fasting specimen was collected. This urine 
sample thus represented the hourly output at the end of a 
fast of 11-13 hours’ duration. Where the fasting specimen 
re])reseuted more or less than 60 minutes, the time of voiding 
was recorded and the hourly fasting minary output was 
calculated. 

In the clearance tests, the subjects came to the laboratory 
before the completion of the fasting hour, that is, the twenty- 
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fifth hour of the total period. Wlieu this hour was completed 
and the fasting specimen had been collected, the subjects 
were given 1 mg of thiamine hydrochloi'ide in solution by 
month. All the urine voided during the next 4 hours was 
collected and analyzed for urinary thiamine. Dnring this 
clearance loeriod only water and black coffee Avere allowed. 

The specimens were preserved Avith glacial acetic acid (2-3 
ml per 100 ml) and stored in dark bottles in the refrigerator 
until analysis for thiamine Avas made. The analyses were all 
completed Avithin 5 Aveeks of the day of collection. We haAm 
been a])le to Amrify the statement of Egana and iJeiklejohn 
('41) that the thiamine content of urine thus preseiwed re- 
mains unaltered for more than 6 Aveeks. 

The thiamine content of the specimens collected by the first 
43 subjects Avas determined by the Merck and Company, Inc., 
adaptation (’41) of the Hennessy and Cerecedo thiochrome 
method (Hennessy, ’41). Calculations, however, Avere made 
according' to the formula of Najjar and Ketron ( ’44) Avhich is 
believed to correct for the reduction of fluorescence caused by 
oxidation of PM(N‘-methylnicotinamide). The specimens of 
the last 20 subjects Avere analyzed by a fluorometric adaptation 
(Papageorge and Lamar, ’47) of the Urban and Goldman 
( ’44) thiochrome method which employs benzenesulfonyl 
chloride for the destruction of thiamine in the blank deter- 
mination. 

RESULa’S 

Figure 1 presents the comparison of the 24-hour Avith that 
of the fasting 1-hour excretion of urinary thiamine in the 63 
subjects studied. The scatter diagram shoAvs that there is a 
definite correlation betAveen the 2 AurliTes, particularly at 
lower levels of excretion. Assuming a linear relationship 
between the 1-honr fasting excretion of thiamine and the 
24-hour output, the coefficient of coi’relation ^ is 0.70. This 

® Coefficient of correlation was calculated according to the equation 

N2 XY ■— (SX) (SY ) 

(SX)T [N2Y“7Zr(vYyr] 

Guilford, J. P. ( ’42) Fundamental Statistics in Psychology and Education, p. 
204. McGraw-Hill Co., New York. 
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iudif'atfis .u-ood correlation. The 11 points representing- the 
lowest 24-iiour and faKsting 1-lionr excretion values observed 
all fall within the 2 regression lines.-’ 



/iig of urinury tliiumiiu* per iJ4 iiours. 

Fijr. 3 Correlation nf il-4']iour with f.'i.stiiig'hour f^xco’etion of thiamine in the 
of IJ/J Kuhjerts. Coehh-i.dii of eoi'relariou i.s 0.70. InttM'sectioii of regreasion 
lines imlieuloH mi'an v:!lne>. 


Tiililc 1 gives the niiiiiiiinin, innxiiiinm and moan values of 
1lie ^v]K>le series. From llic mean values as well as from 
examliiatioa of figure 1 i1 is seen tliat tlie 24-lioiir excretion 
is usually nioro Ilian, 24- times ihe value of the fasting l~liour 
excretion. This is not surprising since the intake of thiamine 
during the ])eriod of collection would be expected to influence 
the 24-h.uiir ont])iit to a greato]* degree than it would atToct the 
excretion afler 12 hours of fasting. However, in 14 of the 

'^TLegroHsmii limhs are line.s of Iroiul along which lie the best predictions of 1 
value from (lie otlier. They intersect at the ]H)hit representing the mean values of 
the 2 variables. Since the slopes of the lines dejicnd upon the coefilcient of correla- 
tion, liie highm- this coenicieiit, the closer together will a pair of regression lines 
tend to lie. See Guilford, pp. 21 1 ff. 
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subjects tile 24-honr value was less tliaii 24 times that of tbe 
subsequent fasting*-bour excretion of tliianiine. All of these 
subjects excreted more tlian 120 gg of thiamine per day and 
thus over 5 qg per fasting-hour. 

Table 2 presents the results found on the last 20 subjects 
on whom a clearance test was also made. Urine volumes are 
included in the table since they may have some bearing on the 
explanation of certain of the discrepancies observed betAveen 
the 3 tests of thiamine status. For some reason the fasting- 

TABLE 1 

maximum and mean values of urinary thiamine excreted per day and 
per subsequent fastingdionr hy €S subjects. 


thiamine excretion 



fig/24 hrs. 

/ig/fastiiig-lioiir 

Minimimi 24-lir. value 

33 

1.1 

Minimum fasting-liour value 

109 

0.7 

Maximum 24'hr. value 

1050 

15.0 

Maximum fasting-hour value 

1044 

36.0 

Means of 63 values 

309 

10.1 


hour volumes of these last 20 subjects v'ere on the wdiole much 
smaller than those of the first 43 individuals studied. The 
correlation coefficients for the thiamine excretion values in 
table 2 are as follows: 0.80 for correlation of fasting-hour 
Avith 24-hour output ; 0.64 for correlation of percentage of test 
dose excreted in 4 hours AA’ith amount of thiamine excreted 
during the fasting-hour; 0.77 for correlation of percentage 
of test dose return AAuth 24-hour output of the vitamin. 

DISCUSSION 

Assuming that the 24-hour excretion of thiamine is a fair 
index of nutritional status AAuth respect to this vitamin, our 
results indicate that the fasting-hour excretion test can be 
employed in assessing thiamine status AA’here a large number 
of people are to be tested. This conclusion agrees Avith the 
findings of Melniek and Field (’42) on 4-hour specimens and 
AAdth the statement of Oldham et al. ( ’44) based upon the 
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covrcliil.ioii of fastiiij? 1-liour excretion with tlie 4-liour return 
of a test dose and wit li fliiamiiie intake in tlieir 2 small subjects. 

To 1)<( sure, the measure of the urinary output of thiamine 
as an index of nutritional status is definitely limited (Elsom 
et ah, ’42). Ihite of absorption and rate of excretion by the 
kidney are nudou))t(!d]y involved as well as level of intake and 
rate of utilizuiiou. While, on the whole, our data confirm the 
observations of otiiers (Klsom et ah, ’42; Youmans et ah, ’40) 
that the amount of thiamine excreted is independent of uri- 
nary volume, tlu're are indications that this may not hold true 
outside of ordinary limits. One may well ask if in instances 
whore the fastinj>'-hour volume is excessively small, such as 


TABLE 2 

Urhiarif ruxcrelion of ihioviinc per I34 hours and per suhseque7it fasUngdiour with 
4-hovr nrinarij return of 1 mg oral test dose of thiamine in SO subjects. 


Sim-Tt:CT 

NO. 

24 HR. TJltlNE 

Yol. Thiamine 

PASTINa-HOUR URINE 

Vol Thiamine 

CLEARANCE URINE 

Ketiirii of 
^ 1 mj? dose 


ml 

fin 

ml 

UP 

ml 

% 

44 

2000 

178 

81 

5.7 

620 

10.4 

45 

2000 

192 

91.5 

7.S 

590 

9.7 

46 

2000 

243 

?>1 

8.4 

288 

6,0 

47 

2000 

450 

35 

5.2 

500 

12.4 

48 

2000 

109 

99 

23.0 

140 

11.4 

49 

2200 

581 

161 

24.0 

354 

15.0 

50 

‘1820 

530 

51.5 

13.0 

178 

11.1 

51 

2000 

87 

31.5 

2.2 

130 

5.1 

52 

2000 

325 

86 

15.0 

760 

14.1 

ri:>, 

150(i 

109 

14 

0.7 

123 

3.4 

54 

1 500 

307 

43.5 

4.8 

334 

9.7 

55 

1000 

231 

37.5 

5.1 

387 

7.1 

56 

790 

o3 

35 

1.1 

815 

7.1 

57 

2000 

338 

22.5 

4.6 

420 

14,5 

58 

1000 

77 

57 

2.9 

410 

4.4 , 

59 

1 000 

102 

17 

2.6 

128 

3.3 

60 

1500 

106 

49.5 

3.0 

184 

3.2 

61 

1500 

229 

58 

4.8 

415 

9.5 

62 

2200 

224 

. 76 

4.8 

149 

6.8 

63 

1000 

OS 

17 

1.5 

210 

9.3 

Mean 







valuof; 


245 


7.01 


8.6 
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in subjects 53, 59 and 63, there may not have been a delay 
in excretion of thiamine ; or, if in cases like that of subject 56 
the relatively high return of the test dose may not liave 
been due to diuresis since the clearance specimen of this 
individual was greater in volume than her total 24-hour col- 
lection. The completeness with which the bladder is emptied 
may also be a factor in determining the accuracy of results 
representing short periods of urinary excretion as in the case 
of subject 47 whose fasting-hour value was lower than one 
would expect on the basis of his daily output and his 4-hour 
test dose return. 

The results of the clearance test do not throw much light 
on the question of the comparative value of the fasting-hour 
excretion and the 24-hour output as measures of thiamine 
status. Wilde statistically the clearance test showed better 
correlation vuth the 24-hour than with the fasting-hour ex- 
cretion, our data are open to criticism in view of the small 
amount of test dose (1 mg) administered orally. There is also 
the question of rate of excretion of vitamin in instances of 
extraordinarily low or extremely liigh urinary volumes. Gitft 
and Hauck (’46) failed to obtain agreement in their com- 
parison of 4 methods for studying urinary excretion of tliia- 
mine, 2 of which were essentially clearance procedures. It 
would seem, however, that the fasting-hour output sliould be 
less liable to fluctuations caused liy sudden changes in intake 
than the 24-hour excretion (Holt, ’43). 

In attempting to arrive at a fasting-hour level of thiamine 
excretion which should represent the division between ade- 
quate and inadequate values, we may use established daily 
output as a basis. It is generally agreed that on adequate 
intakes tlie daily excretion of thiamine in urine exceeds 100 qg 
and is usuallv around 200 |jg or more (Allen, ’43; Clifft and 
Hauck, ’46; Jolliffe et ah, ’39; Mason and Williams, ’42; 
Melnick and Field, ’42). According to the revised daily 
allowances recommended by the Food and Nutrition Board of 
the National Eeseareh Council (Jeans, ’46), tlie intake of our 
subjects, if adequate, should have been at least 1.0 to 1.5 mg 
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gJ’ lliiinaiiio pov ilay. Saeli intakes should result in 200 to 300 
[ig daily excretion in the uidne on the 20% basis of i\Ieluick, 
Field mid liobinson (’39). If we iise the regressioTi line 
Y -- a + I'X in figure 1 to get values of Y from X, the pre- 
dii'tod fasting-hour output for the 200-300 ijg 24-hour excre- 
tion is 4.0 to 9. ng of tliianiine. The mean values for the 63 
sulijeels are not far from these tigures : 309 ng per 24 hours and 
10.1 |ig jier fasting-hour. 

Eleven of the subjects excreted less than 4 ag of thiamine 
]ti‘r fasling-hour. Seven of these had 24-hour excretions less 
than 100 ng of the vitamin and the other 5 showed between 
100 and llOji.g in their 24-hour specimens. Clearance tests 
were made on 7 of the 11 subjects Avith low daily and fasting- 
hour thiamine excretion. Five of the 7 gave less than a 6% 
return of the test dose. The other 2 were subjects 56 and 63 
in whom the higher test dose return may have been due to 
diuresis or to delayed thiamine excretion, respectively, be- 
cause of their unusual urine volumes. No subject excreting 
over 4 pg of thiamine duidng the fa.sting hour gave less than a 
6'a return of the oral test dose of 1 mg. 

These data suggest that 4 pg may be the critical level of 
fasting 1-bour excretion of thiamine. This value agrees xvith 
the findings of Melnii'k and Field ( ’42) who place the minimal 
normal level of 4-hour fasting excretion, at 15 pg. Oldliam 
and her coworkors (’44) observed higher fasting 1-hour ex- 
cretions in their 2 young subjects when the children Avere on 
an ade(|uate allowance of thiamine. The obAuous limitations of 
the lasting-hour excretion test as a measure of thiamine 
nutritional kwel should be boine in mind. It can be used 
only as an aiiproximate index for clinical purposes and should 
be repeated in conjunction Avith a standard clearance pro- 
cedure in cases of suspected thiamine deficiency. HoAvevor, 
it otters itself as a useful tool in estimating the general trend 
of thiamine leAml in suiwey studies. 

SITJIJIARY 

1. The 24-hour urinary output of thiamine of 63 normal 
young adults Avas compared Avitli that in a “fasting-hour” 
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s])ecimeii, collected in the hour following completion of the 
24-lioiir period and after an over-night fa.st. The 2 values 
show good over-all correlation with a coeflicient of 0.70. 

2. The percentage of a 1-mg oral test dose of thiamine 
returned in 4 hours in the fasting state Avas also determined 
in 20 of the 63 subjects. The correlation between the tost dose 
return and the 24-honr excretion Avas better than that l)e- 
tween the test dose return and the fasting-hom- output. HoaA'- 
ever, the procedure folloAA’ed in the clearance test is open 
to eiiticisni. 

3. The fasting-hour exci-etion test offers itself as a con- 
venient method of estimating thiamine nutritional status in 
survey work AA^here a large number of indiAnduals are to be 
tested. 

4. The critical level of fasting-hour excretion of thiamine 
appears to be dpg. Values beloAv this suggest a likelihood of 
inadequate thiamine intake. 
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ONE FIGURE 

(Heceived for xniblication June 13, 1947) 


In eontinnatioii of earlier investigations (Parsons and Col- 
lord, ’42) in wHch riboflavin of yeast was found to be less avail- 
able for absorption by buinan subjects from tbe fresh living 
cells than from non-living cells, a wider variety of yeast types 
have been tested. These included samples in which the ribo- 
flavin had been acquired by the yeast gradually during growth 
and hence was presumably inside the cell (Massocli, ’43) in 
contrast to other samples in Avhieh the greater part of the ribo- 
flavin had been added in fortification; and dried yeasts, 
either with dead cells only, or with a suitable degree of via- 
bility for leavening purposes. These samples gave new op- 
portunity for observation on possible correlation of the con- 
dition of the yeast cell with the availability of its riboflavin. 

^Published with the ajiproval of the Director of the Wisconsin Agriculturnl 
Experiment Station. A jireliminary report appeared in the Proceedings of the 
Federation of American Societies for Experimental Biology, vol. 5, no. 1, 104(b 
This work was snxiported in i)art by the Eeseareh Committee of the Graduate 
School from special funds supplied by the Wisconsin Alumni Eese<arch Founda- 
tion; and in x>art by commercial grants from the Ked Star Yeast and ProductH 
Company, and the Jos. Sehlitz Brewing Company of Milwaukee. 

® Present address: Nutrition Research Laboratory, De]>artmeut of Plome 
Bonoiuics, Dniversity of Tennessee, Knoxville. 
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EXPERIMENTAL 

Two soneral plans for metabolic studies were employed: 
1 used previously in tliis laboratory in wdiich periods of 3 to 
T) days \vere utilized for tbe uniform feeding of tbe basal diet 
alone or supplemented by a given riboflavm dose; and tbe 
otlior devised by Melnick et al. (’45), wherein a single test- 
day was preceded and followed by periods of the basal diet 
alone. The first technic was used in the experiment which is 
recorded in figure 1 ; the second in those recorded in tables 2, 3 
and 4. Riboflavin excretions for a total of approximately 360 
subject-days were assayed. 

The test-doses included various types of yeast as well as 
a positive control dose of pure riboflavin. The identities 
and descriptions of these yeasts are to be found in table 1 
of the followung paper (Kingsley and Parsons, ’47). The 
yeasts of the series I-A, I-B, I-C and II-C were produced for 
the experiment in the factory and the first 3 were from 1 lot, 
hence yeast strain and conditions of production were ruled 
out as variables. Viability and moisture content were in- 
tentionally varied in the different samples : yeast I-A was a 
fresh raw yeast, I-B and V-B yeasts dried with little loss of 
viability, and I-C and II-C with entire loss of viability. 

The subjects were university students, men and wmmen, 
in a satisfactory nutritional state. The basal diet is listed in 
table 1. Uniformity of intake wms sought by the use of unit 
lots of food; flour,-^ and canned peas,"* tomato juiee,‘‘ pine- 
apple and applesauce. Supplies of meat loaf, orange-cran- 
berry reli.sh and ice cream were prepared and frozen at the 
outset of the study to be used throughout. 

Patent white flour without f ortifleation was obtained direct from the Pillsbury 
Mills, Inc., at Minneapolis. Bread was baked in the laboratory 2 to 3 times per 
week. 

* Uniform }>acks of peOvS and tomato juice were furnished through the courtesy 
of the Besearch Beiiartment of Libby, MelSTeill and Libby Company. 

® Thanks are due to the Pineapple Besearch Institute of Hawaii*^ for the gift of 
the specially ]jacked crushed pineapple and pineapple juice. 

® Prepared from a special formula under the direction of Mr. L. C. Thomsen, 
Associiate Professor of Dairy Industry, X.Tniversity of Wisconsin. 
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The 24-hoiir urinary excretions were collected in l)rowu bot- 
tles containing acetic acid and chloroform, and a repi'eseata- 
tive sample was preserved with the addition of toluol. Focal 
collections were marked by the ingestion of carmine at tlie 
beginning and end of each basal and yeast period. The fecal 
malerial was preserved in acid-alcohol and assays w<n‘e made 


TABLE 1 


Composii ion of banol ration. 


Ure<(kiaHt 

Tomato jnieo 


pm 

200 

Egg, 1 inodiiini 

Broad, 1 loaf 

Blitter 


10 

Milk 


200 

Dinner 

Pineapple juice or crushed 


pineapple 


100 

Meat loaf 


100 

(Beef and A^eal 

68) 


(Pork 

7) 


(Egg 

10) 


(Oatmeal or soygrit.s 

15) 


(Cranberry I’clish 


100 

(Cranberries 

ijO) 


(Oranges 

33) 


(Sugar 

17) 


Peas 


100 

cream 


100 

Bread, ?, loaf 

Butter 


10 

Milk 


200 



•on 

A]»ple sauce 

300 

Milk 

200 

Peanut butter 

25 

Butter 

10 

Bread, 1 loaf 



Inaredlenls 1 Imtf bread (in pm): 

ITiifovtifiocl white flour 113 


Yeast F 3 

Lard 4 

Siigar 4 

Salt 2 


Milk (plus water as needed) 39 

A nafiisrii candueteri u?i aliquots 
(if the eohi/inslte diet 

Protein (N X 9.25) a])prox. 72 giu 
Tliiainine 1.2 to 1.5 nig 

Rihotlavin 3.7 to 4.2 nig 


from a thoroughly mixed representative .sample Collection 
of fecal eliminations was of necessity omitted during the ex- 
periments employing the 1-day test-dose period. 

Riboflavin was determined by the fluorometi'ie method of 
Conner and Straub (’41). Duplicate determinations Avere 
made on separate days for all sarniiles. Food alhpiots ro])re- 
senting 2o% or 100% of the Aveighed daily food intake AA^ere 
homogenized in a Waring Blendor and assayed for riboflavin. 
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BESDLTS AND DISCUSSION 


Figure 3 sliows Hurt, in conlirniation of previous results 
will I other fresh yeast samples (Parsons and Collord, ’42), 
file i*ihotlavin which was unavailable from the live, raw, fresh 
y east 1-A was rendered available b.y treatment of the yeast 
witii heat jirior to ingestion. It is evident that the tenacity of 
the live yeast cell in withholding the 825 gg of riboflavin 
in 4.5 gin of yeast I-A was aliolished by the hcat-treatnrent 
of the yeast and iioiice the riboflavin was released for ab- 
sovjition. 


YEASTS 


l-A(FRESH) l-A(BOILED) I-8(LIVE, DRIED) I-C(DEAD, DRIED) 

J]JL. — n.. 




a 

LJ 

I 

i 

o 


j0.5L 


1.5 L 


w I.OL 


(n 

2: 

0 

1 


UJ 0.5 L 


Z,.CLQi„.. 


h- 

D 

O 


J LijO.S i 

si 

l.O . 


SB 28 FF 




SB ZB FF 




BA HN MM EP 


BA HN MM EP 


SUBJECTS 


!Fig. .1 This slio-vvs the general rtHh])ro(:ai rclatioiislu|;> between the nriutiry 
excretion of riboflaviii (top of chart) and fecal elimination (bottom of chart) 
on a basal diet with supplements of fresh and dried yeasts in viable and non- 
viable forms derived from 1 factory-lot. The vialile yeast samples, both fresh and 
dried, led, in general, to higher fecal outputs and lower urinary excretions than 
did the non-viabie samples. The open bars represent the average increments or 
decrements in riboflavin output for 5-day periods as compared with the values 
on the basal diet, which arc used as the base lino and are represented in iigure 1 by 
heavy bats. 
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The riboflavin of dried yeast I-C, wliieh roniaiiicd only dead 
cells, apjieai'od to be c'oniplet(3ly available for alxBorjbiou foi' 
3 of tin* 4 subjects ingesting’ the yeast (fig. 1). On the other 
liund, the I’ihotlavin of dried yeast I-I> containing live cells 
was only }»artially available as judged ])y the conijiara lively 
low urinary ribollavin during this yeast jiei’iod. Lienee, it 
seems that the relative availal)ility of riboilaviu in dried yeasts 
is not essentially due to the drying as sucdi but is niuri' closely 
correlated with the effect of tin; process on the viability of the 
yeast cell. 

This general hypothesis was given a certain degree of cou- 
fii'mation ])y the I’esults on fecal riboflavin content. During 
the feeding of Ih’o yeasts I-A and T-B t.bere was a striking 
increase in fecal riboflavin altliongli the urinary output had 
I'teeii shown to be relatively low. In contrast, during- the feed- 
ing of dead yeasts I-A (after boiling) and I-(! the fecal ribo- 
flavin values did not increase over the basal levels, but the 
nrinaiy output for (i of the 7 subject.s was exceptionally bigli. 
This rtH'ipi’ocal re]ationshi]:i between urinary and fecal elimi- 
nation appears to I’est on 2 factors: The high fecal values 
for ]’ilx)fla\'iu are probably derived most largely from lhal 
p<n-tion of riboflavin held tenaciously by the live yeast cell 
and eliminated unalisorhod from the digestive tract. Hoav- 
ever, inasmuch as calculations show that the inci’cment can- 
n<»t lie attributed solely to this source, it seems evident that 
some fecal riboflavin originated from inlestinal synthesis. 
Nox'ertheless, the very fact that such synthesis Avas stimu- 
lated by the eating of live yeast but not by the same yeast 
Avitli dead cells only, is evidence in itself tliat live yeast in the 
digestive tract tends to escape early digestion and absorp- 
tion and hence, far doAvn in the digestive tract, may furnish 
a favorable nutritive medium for the multiplication of bac- 
teria. Altliongli the high fecal riboflavin was indieathm of 
.syntliesis during the ingestion of yeast I-A, it is significant 
tliat this riboflavin Avas not absorbed as it did not increase the 
urinary output aboAu; the level due to tlie basal diet alone. Dead 
yeast cells did not seem to contribute significantly to the 
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nutritive medium in the lower bowel, nor did they cany 
their content of riboflavin out of the tract with the feces. 

The human bioassay technic of Melnick et al. (’45) with 
the simplified dosage routine was also used to re-test the 
availability of these yeasts. Using tliis method, tlie per- 
centage excretion of a pure riboflavin conti’ol test-dose by 
both male and female subjects was found to be in good agree- 
ment with .similar studies reported by these authors. 


TABLE 2 

Availahllity io human sKhjrets of riboflavin of raw, fresh yeast I-A. 


fJUBJECT 

CONTjlOb P Elf too: 2.0 MG PURE 
RIPOFliAVIN IN SOIjUTTON 

TE.ST period: 2.B MG RTBOPUA\ytN IN 
loO GM RAW, FRESH YJiJAST I-A 

Ba?ul 

excretion 

After 

control 

(l()se 

Control 

dose 

excreted 

Basal 

excretion 

After 

test 

dose 

Test 

dose 

excreted 

Avail- 
ability B.> 
in I-A 
yeast 


mtj/24 hr. 

W{)/24 hr. 

% 

1 tiff f 24 hr. 

mg 124 hr. 

% 

% 

F.F. 

0.83 

2.35 

51 

0.73 

0.93 

7 

14 

B.N. 

0.77 

2.33 

52 

0.70 

1.00 

14 

27 

M.M. 

0.84 

2,47 

54 

1.02 

1.04 

1 

2 

LX). 

0.88 

3.19 

77 

1.02 

1,06 

2 

3 

L.O. 

0.79 

1.98 

39 

0.74 

0.73 

0 

0 

Avernge 

0.82 

2A() 

55 

0.84 

0.96 

5 

9 


A iriO-gm dose of raw yeast I-A containing 2.6 mg of iflbo- 
flavin released litile or none of its liboflavin for absoi-ption 
(table 2). Tlie excretion, s ranged from 0 to 14% of the intake 
for the 5 su])jects with an average of 5% while the urinary 
return from a control dose of pure riboflavin ranged from 
with an average of 55%. It is not clear why the 
appreciable decrease in the urinary output of riboflavin 
on the ingestion of fresh yeast I-A recorded in figure 1 has 
not been observed subsequently in this or in further studies 
with fre.sh live yeasts (unpublished data) with the Melnick 
bioassay technic. In any event, the relatively small individual 
variatioms in ril)oflavin return in all experiments on live non- 
fortified yeasts are of little importance when this group as a 
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viiole is compared witli the output of subjects on a positive 
control dose or on live yeasts highly fortitied -with riboflavin. 
In these yeasts the vitamin addition presumably remains out- 
side of the yeast cell inasmuch as it is returned in the uidno 
so consistently. The details of this latter experiment will 
be reported elsewhere. 

The riboflavin of dried dead yeast 11-0, similai- to I-C in all 
lilmses of manufacture except in thiamine content was found 
to be almost completely available (table 3). These results con- 
flrm those observed with yeast T-C. 


TAIil.E ;j 

AvailahiUtif to human subjects of riboflavin 0 / /tried II-C with no viable cells. 


CONTROt/ 1‘EIiIOD: 4.0 .MG I'URE TEST PERIOD: B,4 ilG lUBOPLAVIIS’ IN' 

RTBOFTiAVIK TN SOlyXTTION 82 GM DUIED YEAST IDO 


sr EJECT 

Basal 

excretion 

After 

control 

flo.«:e 

Control 

dose 

excreted 

Basal 

excretion 

After 

te.st 

dose 

Test 

do.se 

excreted 

Availability 
B. in I I-C) 
yeast 

mul‘Z4 hr. 

WJ7/34 hr. 


mgf24 hr. 

7iI{j/ 24 hr. 

% 

% 

n.H. 1.34 

3.60 

57 

1.26 

3.10 

54 

95 

E,P. 0.69 

2.S1 

53 

0.70 

2.59 

54 

102 

B.N. 1.11 

2,90 

46 

1.23 

3.23 

58 

126 

H.N. 0.77 

3.06 

57 

1.17 

2.78 

47 

82 

Average 0.98 

3.11 

53 

1.10 

2.92 

53 

101 


Further experiments with a commercial vialfle dried yeast 
also confirmed the results obtained with I-B. Yeast V-B, 
bought on the open market, was similar to yeast I-B in ribo- 
flavin content and viability, and was fed to 9 subjects, 5 
women and 4 men. ITrinary returns after the ingestion of 3 
mg of riboflavin in the form of 63 gun of this yeast indicated 
that this riboflavin wms only partially available as only 11-18% 
of the yeast test-dose was returned in the urine as compared to 
the 41-59% excretion of a control dose of pure riboflavin by 
these same subjects (table 4). This comparison indicates that 
not ram-e than about 20-30% of the 3.0 mg of riboflavin in the 
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ycas1 was alisorlicd. Those results .su])i)ort the hy])othesis 
])i‘oviously states!, that the tenacity of the liviii,si; yeast coll is 
i-espousilile for ■withholding the riboflavin from al)Sorption. 

TAP, EE 4 

JvaihlifiJUlf (a luoiKUi .snbJt'cLs of rUxfJhirin of retail viable dritd i/raid 


u)NTi;(nWM.i:i()!»: :t.fi ni?.4.() M<t tiost I'Kkiom: :s.(f mc; iiiiiorLAviN is 

ITu'K JN SOLr'i'lOX * (lit NM ItKTAIL VIAltl.K DlUKU YKAHT V-It 



husul 

I'Kl-l'i f ion 

(Minirol 

(loo- 

< hititrol 
<los(' 

t'xgl'f'tcd 

Bit sal 
(-xcrction 

Al’tor 

IfSt 

(lOSf'i 

T(‘s< 

dnsi* 

(."Xort'lm] 

:i})ilily 

I’ll* 

in V'B 
ygjisl 


/if. 

}nii/24 Jii\ 

rf. 

ui!j/‘^4 hr. 

tn(li'24 hr. 

f.J, 


!».H/ 5 

}.:m ‘ 


;”I7 

1.50 

.1 .[)■] 

11 

19 


l.Ki ^ 

:i.4i ^ 

717 

0.75 

1.17 

.1 5 

20 


lAl ' 

:i.7‘:i ' 

717 

0.81 

1 .:;5 

IS 

82 

.M.P.5 

0.57 


Oil 

0.80 

1.1;; 

11 

18 

i.JhO 

i.;ii 

;hoo 

{)<( 

1 .04 

1.47 

11 

18 

A.P.d- 

n.i»a 


57 

1.00 

1 .56 

17 

80 

T.S. ^ 

1.04 


(11 

0.75 

1.82 

19 

81 

P-V-d* 

\A2 


4.1 

1.54 

1.04 

10 

24 

J.H. d' 

l.(K) 

.T -AJ 

5S 

1.04 

1.48 

i:i 

22 

Av('r:i^-o ‘ 



50 



14 

24 


’ A ronlrol Aoso nl* I'lliolUiviu Avns snlfstlhitidl for I^.O oifjj for these snhjeets. 

" Avri"t/ 4 *es for eohuinis i-, 11, o tiinl (» hit oniilteil heciiuse they Jire not rejilly 


SrMMAlJY 

8die degr<>e of absorption ot' riboflavin of various yeasts 
from the digestive tract was judged by urinary excretions 
and, ill some exjierinients, fecal outputs, in studies utilizing 
human liioassay methods. 

There 'was little or no absorption of ribofhn'in from tbo 
fresh, raw yeast and only ])artial absorption from 2 dried 
yeasts which contaim'd li\'e cells. The destruction of the via- 
bility of the yeast in M samples resulted in release of the vibo- 
flaviii rendering it available for absorjitiou. 

Fecal riboflavin eliminations Avere in a general reciprocal 
relationship to urinary excretions of the vitamin, indicating 
that when urinary excretions shoAvod failure of absorption 
of the yeast riboflavin, fecal riboflavin was increased. Both 
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inmbsorbecl riboflavin and intestinal synthesis aiipearod to 
contribute to increases in fecal rilioflavin. 
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JV. THE INFLUENCE OF THE INGESTION OP FKESH AND DlilED 

bakers’ yeasts varying in viability and in thiamine 

CONTENT ON THE AVAILABILITY OF THIAMINE TO 
HUMAN SUBJECTS ’ 

HELEN NESS KINGSLEY AND HELEN T. PARSONS 
Dipaiimoit nf Eomc Economics, JJniversUij of Wise.ovshi, Mnrlison 

ONE FIGURE 

(Received for publication June 13, H)47') 


Human biological assays in tliis laboratory and elsewhere 
have been summarized (Parsons et al., ’45b) and extended 
(Hocliberg et al., ’45) showing that bakers’ compressed yeast, 
when fed fresh to human subjects is a poorly utilized source 
of tliiaraine as indicated by low urinary and high fecal thia- 
mine eliminations. There was even some evidence (Parsons 
et al., ’45b) that the ingestion of fresh yeast might he re- 
s])oiisiblo for reducing the urinary thiamine output beloiv 
that of a preceding basal period thus implicating yeast as a 
factor in reducing the availability of food thiamine. It was 
desired to exiolore this relationship further by lengthening 
the period of yeast ingestion and varying the dose. 

^ Published with the approval of the Director of the Wisconsin Agricultural 
Expenment Btation. A jireliminary report appeared in the Proceedings of the 
Eederation of American Societies for Experimental Biology, 5: no. 1, BHd and 
in Science, 103: 198, 1946. 

This work was supported in part by the Beseareh Committee of the (h*adiiate 
School from siieeial funds supplied by the Wisconsin Alumni Beseareh Poundation ; 
and in part by ctmimercial grants from the Bed Star Yeast and Products Com- 
pany, and the Jos. Sehlitz Brewing Company of Milwaukee. 
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l^ra(‘(‘(.hir(*s iiielndhiii,' ai]'-(lryiii,i>‘, l)oi]i]i|L>' and ii/ealinenl witli 
aleolinl wliieli I’cdiieod or dosi roved vial)ility of llio yeast eel] 
effected a niai'ked iinprovement in tlie i*eleaso of Ihiamino for 
a]>sor|)licjn l)y animals (Walker and N'elson, v33; Parsons and 
Polloi'd, M-2; I^n*sons et al., Moa). Sin(*(‘ tliis iinji^ied tliat 
<li(‘ a\'ailahility of yeast lliiarniin^ rests nioi'o dii’ec'lly on tlie 
vitality of tlie erdl Ilian on any oilier faeior, siiidies were con- 
dindefl, to (|{‘i(M‘niiin‘ llie availaliiliiy of iliiainiiu* t{) human 
snhjiH'ts from yeasls after drying* jiroeesses in whii'li tln^ 
vla]>ility of tlu^ yeast (-(dl was retained in some samples and 
entiiady desti'oycMl in others. 

It was also fibsiuTed that fresli yeasts of lu,i>'li tliiamine eon- 
t(*nt may rehmse a varying portion of their thiamine for 
lunnan alisorplion (Parsons et ah, ’451)). Hence this effect 
of inenmsing thiamine concentration upon availaliiliiy of 
yeast thiamine was studied further. 

nxrmniMnNTAL 

Determinations are re])orted of the urinary tliiamino ex- 
cretions of 15 sn])je(ds in a series of 1() diet studies in which 
thiamim^ supplements in tlie form of thiamino hydrochloride 
or y(*ast wort* added to a conti'olled hasal diet. Tlie 2 types of 
hioassay (eehiuh* used and the details of the hasal diet are 
d(‘serihe<l in the ]>receding pajicr (Price vt ah, ’47). The 
method foi'iiKM-iy in ns(^ in this lalioratory was employed for 
tfi(‘ studies recorded in tignre 1 and tlie hioassay of Meliiick 
for 11ios(> in tables 2, 3 and 4. That results with the latter 
method are satisfaefoidly reiiroducihle in different labora- 
tories was attested liy the ia(.*t that the 2'.0-nig' suyiplement of 
})nie thiamine liydroehloriile ted to subjects in these experi- 
ments led to a Ib.T to 20% -urinary return, thus falling well 
within tlie pnhlished range. 

In addition to fresh yeast P and the 3 types of dried yeasls 
witli varying degrees of viability (yeasts ]I-C, V-B and L-B) 
2 ofliers were used in these oxiieriments, in wliicli a second 
eff{H‘t, that ot increasing thiamine concentrations in tlie yeasts 
upon yeast liiiamine availaliilify, was studied. Yeast IT-Z. 
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and ITI-Z:j were liigh vitamin yeasts coiitainhig* 1.0 ina; of 
tliiamine per gm on a dry basis, or approximately bO-TO times 
tile amount found iu ordinary compressed bakers’ yeast. Tiiey 
are of further interest since the thiamine content of the yeasts 
was attained by 2 dilfei-ent methods. The higli content of 
yeast II-Z3 was reached by synthesis and absorption of thia- 
mine by tile yeast itself during propagation in a nutrient 
medium. In the case of yeast III-Z;, only a small ]3e]-(.‘cntag(‘ 
(approximately 2%) of tlio thiamine was attained hy the yeast 
itself. Tile remaindei- of the thiamine was added in the form 
of thiamine hydrocbloride to tlie thick suspension of resting 


TAIU.E 1 

aiiaracicrizatio)} of il\r haJdng i/easis tested for their hijluvnee on arailahility of 
i h la n i in e a n d r iho flavin. 


IDENTITY OF 

CONTENT, DRY BASIS 

B EM ARKS ON TYI‘E 

THE YEASTS 

Riboflavin 

Thiamine 


n-o/um 

no/ <nit 


I-A ^ 

T 

55 

19.5 

Fresh compressed type. Live cells 

(boiled) 

55 

19.5 

Same lot. Cells Ivilled ])t heat. 


55 

12.0 

8a me lot. Dried Muth retention 
of viabilitr. 

r-c ^ 

55 

11.8 

8aine lot. Dried with tot,al loss 
of viability. 

TI~C ’ 

47 

65.5-74.5 

Like I-C except lii^ili in thiamine 
acquired in ^ro'ivth. 

IT-Z, ^ 


ino ■I 

1 High thiamine acquired during 

II-Z, ^ 


500 

( growtii by biosynthesis and a,b- 

II-Z, ^ 

ni-Zi ^ 

44 

1000 J 

100 *] 

' sorption. Live cells. 

1 

TII-Z, ^ 


5fi0 

1 High thiamine chiefly from for* 

TIT-Z, 

45 

1000 J 

I tifi cation. Live cells. 

F- 

55 

IS 

Eegiilar, fresh, for use hy hakers. 
Live cells. 

V~B 

48 

10 

Eetail dry yeast for leavening. 
Live cells. 

L-B^ 

146 

68 

Fortified retail dry yeast for 
leavening. Live cells. 


^ Special lots obtained directly from tlie mtinufaeturer. 
" Commercial products. 
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cells and tliovouglily distributed by mecliaiiical mixing before 
compression. These yeasts were fed to 5 subjects before each 
meal of llu' tesi day in doses equivalent to 5 mg of thiamine 
and urinary excretions of thiamine were compared with those 
olitained after subsequent test doses of 5 mg of thiamine 
!iyd!‘ 0 (‘hloride. The otlior members of the II-Z and III-Z series 
in table 1 were used in in vitro experiments only. 

Thiainino was determined by the thiochrome method of 
Hennessey (’42). 

ItKSULTS 

Tlie implication given in an earlier study (Parsons et ah, 
■4r)),i) of an interference with absorption of food thiamine 
from the ingestion of fresh yeast was fully borne out by the 



feeding of 15 gm or 150 gin of yeast P for periods of 5 or 
10 days. (Sec fig. 1. The averages of these data were pub- 
lished in a preliminary report by Ness et al., ’46). The urinary 
output of thiamine fell below the basal level on the first day 
of yeast ingestion and continued to fall rapidly for about 4 
days, reaching an average level of about 100 gg output for 
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the IS-gni yeast dose and 50 pg for the 150-gin dose ; die 
ininimuni excretions reached as low as around 20 gg. Witlihi 
the limits of the experiment, therefore, the greater die amount 
of yeast fed, the greater the apparent interference with ab- 
sorption of food thiamine. Somewhat the .same cHrrelation 
was seen in the response to the removal of the live yeast from 
the diet: the longer the time on the larger dose of yeast, the 
slower the resumption of the previous output of urinary thia- 
mine when the basal diet alone was again fed. 

These results have a theoretical interest, in that this is a 
new examiile of interference with food thiamine to he added 
to other.s reported in the literature, notably the destruction 
of thiamine in the digestive tract by tliiaminase from certain 
fishes and sea foods in the diet, the thiamine deficiency in 
cattle resulting from the ingestion of bracken and the anti- 
thiamine action of certain analogues of thiamine (Wright, 
’47, a review). 

Practical applications of the results in regard to the dietary 
status of live yeast are obvious. Doses of yeast larger than 
those recommended by the manufacturer were deliberately 
included in this experiment inasmuch as it seemed probable 
that yeast intake by the public might include a considerable 
range of dosage in instances where fresh yeast was consumed 
with the notion of using it as a supposed therapeutic agent 
against furunculosis or acne rather than primarily as a vehicle 
for a given vitamin allowance. 

The results in the feeding of 3 types of dried yoast in 2 of 
which the viability was retained and in the other, destroyed, 
indicated that drying as such had little or no relationship 
to the etfect of the yeast on the absorption of thiamine from 
the human digestive tract, but a correlation was evident with 
respect to the vitality of the yeast cell after the drying 
process (table 2). In 8 of the 9 tests with subjects ingesting 
the thiamine supplement in the form of live, dried yeasts 
urinary outputs were maintained at levels no higher than 
those of the jireeeding basal period which would indicate no 
measurable availability of yeast thiamine; in fact, in 7 of the 
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9 tests, (lie siilijeets r(‘s]jon(](‘(l to the dose with a decrease 
(roni the previous hasal iiriuaiy Jewel. Tliis has been shown to 
h(^ c]niract( 0 ‘istie of the resiioiise to fresh compressed yeast 
intake. ihGy 1 subject, D.IL, exliibited an increase in urinary 
thiamine (‘xeretion from 1 of the 2 yeast supplements, an 
auiomit (M|iiivalent to 1'/ of the yeast tliianiine intake; cal- 
culated from tli(‘ perceiitai^’o increment following* the positive 
(‘mdrol. dos(* of 2.0 mg of iliiamine hydrochloride, the physio- 

rAULE 2 

ChatHjis in urintu'tj Ihiaminc fojhnnni] inprsiwn of Uir ritnmin in drkfi peasls 
and in purr nolnlitOi. 



{ivai];i])i]ity oi* this yeast to D.H. was roughly 7% which 
fell far slioii of the full availaliility claimed by the manu- 
facturer for this type of yeast. 

Keg-ardless of the amount of liv(>. yeast ingested in those 
expoiimeiits none of the subjects expciieiiced diarrhea. Laxa- 
tion I'ate as measured hy the appearanc(> of carmine markers 
iji t ecal eliminations (Parsons ot ah, ’44) was not uniformly 
atfoeted hy the ingestion of live yeast; evacuation time in those 
experiments ranged from 13 to 97 hours with no apparent 
eoi'i'elat ion with the amount of urinary thiamine output. 

fn contrast to the resxilts with live dried yeast, obsei’vation 
of 4 subjects ingesting 5.0 mg of thiamine in the form of a 
nutritional type of di'ied yeast, II-C, in which the yeast cells 
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■were dead indicated full availability of the yeast thiamine. 
In all eases the increase in urinary thiamine output which fol- 
lowed the ingestion of this yeast fell within the range of from 
19 to 2.3% excretion of yeast thiamine comparable to that 
obtained from the o.O-mg control dose gii'on these same sub- 
jects thus indicating that tliiamine was fully available from 
this dead, dried yeast. 

Data, in tables 3 and 4 indicate the effect of increasing 
thiamine concentrations upon the availalhlity of yeast thia- 
mine. Yeast series II-Z and III-Z diffei-ed in that the content 
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In vitro rvlvanr of nelf-.synlhrsl^td and mvchaniraUn added iltianilne from ifvasfn. 


IDENTITY OP 


THIAMINE 


Tin A. MINK 

: ForNi) I'Eu 

ENTDi 

a: sAMi’id*: 


YEASTS 


CONTENT 

In snlutinii 

In yeast rpsidno 

Total 


II-Z 


mu/drn um 

nnj / dr n 

am 

mi//drff !/m 

Ovi 

niff/dra }}m 

r' 

Tliinmiiie 

II-Z, 

100 , 

a.o 

1.0 

98 

98 

99 

99 

sviithosizod 
or obsorbod 

Tl-Z, 

non 

5.0 

1.0 

495 

99 

500 

100 

during 

pro])agntion 

IT-Z, 

1000 

40.0 

4.0 

940 

94 

980 

98 

III-Z 









m*f( or 

III-Z, 

100 

4:! 

43 

(35 

05 

108 

108 

more of 
tin mil hi 0 
fuldod aftor 

iir-z, 

ni)0 

IlMO 

(30 

170 

34 

500 

100 

pro]>ngatioii 

TII~Z, 

1000 

830 

83 

170 

17 

.1000 

100 


of yeast series IT-Z was attained by synthesis and absorption 
during propagation whereas in the case of TIT-Z thiamine was 
added mechanically to a suspension of mature yeast colls 
immediately before compression. As a precaution, yeast series 
III-Z was maintained at very cool temperatures throii.ghout 
the fortification process and until the yeasts were tested 
■hi, %edro or eaten by the subjects. By such a method of prepara- 
tion it was believed that the greater part of the added thiamine 
might not be removed from the suspension medium by the 
live yeast cell. 
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hi. vitro sludios (table 3) allowed a more striking difference 
Ilian did liiunan liioassays (table 4) in the effect of the 2 
methods of thiamine attainment upon its release by the yeast 
cell. Assays of tliiamine released in vitro into supernatant 
solutions and that held by the yeast residue were conducted 
on liotli i>-])es of yeast witli graduated tliiamine content, fol- 
lowing 2 niinuti's of shaking and 10 minutes of centrifugation 


TABLE 4 


Vi'lnni'if earrciion of lliiaiurnr following ingestion of vifamui in fresh yeasts 
il-Zs and and in pure solution. 



niKTKorj no-SH 

5 MU 'nnA.\fINE IlYUffOCHUmUDE 

VKAST ll-Za 

5 MU THIAMINE 

ybiast iir-Z;} 

5 MU THIAMINE 

Urinary tliiamine. ''24 lirp. 

Return of 
rest dose ^ 

Return of 
test dose ^ 

Avail- 
ability 1 

Return of 
test dose 

Avail- 

ability 

Basal 

day 

Test 

day 

“Lai?"’ 

day 


31! .y 

tun 

til if 


% 

% 

% 

% 

BS 

0.27 

o.sri 

0.40 

14.0 

2.4 

17.1 

4.2 

30.0 

Kl) 

0.20 

i.]{) 

0.89 

19.4 

2.0 

10.3 

2.8 

14.4 

P(f 

0.27 

1.10 

0.82 

17.6 

2.4 

18.6 

1.8 

10,2 

PS 

0.29 

1.15 

0.44 

20.2 

5.8 

28.7 

4.6 

22.7 

10 

0.17 

0.91 

0,42 

19.8 

5.2 

26.3 

10.8 

54.5 

A vcragi' 

0.25 

1.02 

0.89 

18.2 

3.5 

19.2 

4.8 

26.4 


‘ rrni.ffvy incrciiHnii from floso — - (/tg urinary output of vitamin on test day — yg 
output on iiasal day) (urinary output on day — output on basal day). 


'Pc re put ago return of vilaniut in Hose 
f’lU'eeiitago 


urinary increment from dose 
amount of test dose 


X 100. 


availai)ilitv = 


pereciitagi^ return of test dose 


— - X 100. 

percent a g(‘ rt‘turu of dose pure vitamin in suhitioii 


in an acetate buffer solution at pH 4 similar to the one used 
by Hoehbei'g et al. (’4r)). These in vitro results indicated 
that mechanically added thiamine was much less firmly held 
by the cell inasmuch as 42^'^ was released into the supernatant 
fluid at the lowest level, increasing to 83% as the thiamine 
content of the yeast increased. In contrast the yeast which 
had attained its high thiamine content by sjmthesis and ab- 
sorption during propagation released a maximum of only 
4% of its thiamine into the supernatant layer. Human bio- 
assays of Ihiamine availability from these 2 yeasts (table 4) 
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differed iii the same direction as the supernatant concentra- 
tions, but the difference was much less than would have been 
('xpected from the in vitro results. The averaft-e 3.6% excre- 
tion of thiamine from yeast Il-Zg and the 4.8% e.vcrotion of 
thiamine from yeast Ill-Zg are not far apart particularly in 
view of the large individual variations while both differ sig- 
niticantly from the average excretion of 18.1%. following the 
ingestion of pure thiamine hydrochloride liy the same b 
subjects. A similar divergence between the biological and 
in. vitro release of thiamine from a high vitamin yeast has 
been reported by Hochberg et al. (’43). Whereas these 
workers found an in vitro release of 48-72% of thiamine in 
their high vitamin yeast, physiological availability was found 
to be only 17 %• . 

The explanation of this evidence of differential release of 
yeast thiamine during in vivo and in vitro studies may be 
essentially the same as for the variation in the effects of 
different methods of drying of the yeast; i.e., a correlation 
with the activity of the yeast cell. It might be questioned 
whether under the less favorable conditions of the acetate- 
buffer medium in the in vitro experiments, metabolic activity 
of the yeast cell was sufficiently noi’mal to permit a character- 
istic uptake of thiamine. On the other hand, a more favorable 
medium for active absorption of thiamine by the live yeast 
cell tlian the buffered solution used is apparently furnished 
either by fermenting wort, judged by the fate of thiamine in 
the brewing process (Levine, ’41) or by the chvnie of the 
upper digestive tract, as far as the evidence of reduced 
urinary return of thiamine when live yeast is eaten, is valid. 

The mechanism for the inhibition of the availability of food 
thiamine is not known, but appears to be a competitive ab- 
sorption of thiamine into the yeast cell in the digestive tract 
of the host. Other possibilities are being evaluated (Parsons 
et al, ’47). 

SUMMARY 

Thiamine in an unfortified fresh bakers’ yeast ingested by 
human subjects was unavailable for absorption. Yeasts high 
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in tliiamine eoiitent, either from propagation or from forti- 
fication yieltled only a small proportion ot their thiamine 
foi- ahsorption ; in the case of the highly fortified yeast a much 
larger proportion of thiamine was released in vitro in com- 
parison. 

The ingestion of a fresh iinfortilied bakers’ yeast as a sup- 
plenumt to a Aveighed basal diet loAvered the urinary output 
of fliiamine and therefore apparently interfered with the 
absorjitiou of food thiamine, this effect being gi-eater on the 
larger yeast dose of 150 gm per day. The duration of the 
period of ingestion of fresh yeast affected the s^ieed with 
which the previous level of urinary output of thiamine was 
again attained when yeast was removed from the diet, in- 
dicating a pi'ogressive depletion of body stores from ingestion 
of fresh yeast. 

The drying of bakers’ yeast did not of itself influence sig- 
nificantly the effect of the yeast on thiamine absorption ; live 
dried yeast suitable for leavening also Avithheld its thiamine 
from absorption and interfered Avith the absorption of food 
thiamine judged by decreases in urinary output. On the other 
hand, bakers’ yeast killed by commercial drying processes 
or by treatment in boiling Avater released its thiamine for 
absorption and offered no interference to absorption of food 
lliiamine. 

It is believed that live yeast colls in the digestiAm tract 
compete Avith the host for thiamine that is present. 
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A STUDY OF THE HEMOREHACrIC-KIDNEY 
SYNDROME OF CHOLINE DEFICIBNCA’ : 

THE PROTECTIVE EFFECT OF STARCH 

JAMES H. BAXTER* 

iJepurtmcnt of Bwchtniisirif, (’OniHl TIniverHiljf 
M'cdiciil Colhujv, New Yorh 

(deceived for pn,l)licntion Mny 12, 1947) 

Griffith and Wade (’39) observed a dramati(.' series of 
events oecuri’ing in young' rats 6 to 8 days after they were 
placed on diets deficient in choline. Necrosis, congestion and 
sometimes hemorrhages involving the cortical portions of the 
kidneys occurred, producing sAVollen, tense, “hemorrhagic” 
kidneys. Hemorrhages also occurred le.ss frequently in the 
eyes, and occasionally in other organs. The syndi'ome was 
fatal in a large pei'centage of the animals, presumably due 
principally to the renal in, sufficiency which ensued (Griffith 
and Mulford, ’41h). HoAvevei-, the animals which survived 
the critical period of 2 to 4 days after onset of illne.ss showed 
ray)id recovery, even on the same deficient diet, and the hemor- 
rhagic appearance of the kiduey.s disappeared entirely within 
a few days, in spite of the progression of the fatty changes in 
the livers (Griffith, ’40b). The syndrome oecurre<l mo.st con- 
stantly in male animals under 30 days of age. 

The addition of choline to the diet completely prevented 
the syndrome (Griffith and Wade, ’39). Methionine (Griffith 
and Wade, ’40) and betaine (Griffith and J^lnlford. ’41a) were 
also effective, and it was presumed that this was explained 
by the utilization of methyl groups of these substances in the 
synthesis of choline by the process of transmethylation 
described by du Vigneaud et al. (’39, ’41). 

'Welch Fellow in Internal Medicine of the National Research Council, 


.333 



334 


JAIMES H. BAXTER 


Various vitamui B factors, and vitamins K, C, and P were 
inolToctivi- against the lesions produced (Griflitli and Mul- 
ford, '4lb). The syndrome could he prevented by limitation 
of the food intake. Increasing the casein level of the diet to 
about 25% increased the incidence, perhaps due to the more 
rapid gi-OAvtli, hut above this level tlnu-e was a rapid decline 
in incidence (Griffith and Wade, ’40), supposedly due to the 
iiK-rc-ased amount of methionine (above that required as 
methionine and cystine) available for choline synthesis 
((triffith, ’41a). Cystine, cholesterol and fat increased the 
h^sions (Griffith, ’40a). Unilateral nephrectomy in adult rats 
on a choline-deficient diet caused the syndrome to develop in 
tJie remaining' kidney during the period of hypertrophy 
(Handler, ’46). Kenal decapsulation or administration of 
atropine afforded protection in young rats, suggesting that 
the tubular necrosis is secondary to vascular changes, per- 
haps of ncniral origin (Dessau and Oleson, ’47), but the eff ect 
of the ]n'ocedures on food intake was not recorded. 

Dui'ing the course of an investigation of the liver aiid kid- 
ney injury produced in rats by diets containing ijyridine 
(Baxter, ’45; ’46), it seemed desirable to use a diet low in 
choline and methionine but not so low that pathological 
changes Avould result, during the experimental period, from 
the diet alone. Diets containing 10-18% casein, Avith yeast, 
cod liver oil, corn starch, sucrose, lard and salt mixture, AA’ith- 
out added choline were used, and apparently Avere satis- 
factory. On these diets young rats someAA'hat aboA’e the most 
suscepitible age AAmre nevei' observed to develop hemorrhagic 
kidneys. Later, howeAmr, when the starch Avas replaced by 
sucrose, some of the animals did develop hemorrhagic kidneys. 

Griffith ( ’41b) stated, without presenting data, that starch 
prevented hemoi'rhagie kidneys, and Handler and Dubin ( ’46) 
and Handler (’46) appareiitly observed some degree of pro- 
tection. The mechanism of this protective effect AAms not in- 
A’-ostigated by these authors, and no attempt aaras made to 
explain it. 
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111 the present investigation, the effects of snerose and corn 
starch were compared, in more highly purified diets than those 
used in the p\iidine expeiiinents, and when the incidence of 
illness and death due to hemorrhagic kidneys was found to he 
significantly lower with starch, efforts were made to determine 
the mechanism of this effect. There seemed to he at least 3 
possible explanations: (1) a choline content of the starch 
sufficient to give some degree of protection, (2) the presence 
in the starch of 1 or more factors other tlian choline, capable 
of affoiding piotection by forming choline or through some 
other action, and (3) an eflhet of starch itself in the intestinal 
ti-act, probably on the bacterial synthesis of choline or other 
substances. 


EXPERIMENTAL 

Animals 

Twenty-one to 23-day-old rats (Sherman strain) were 
placed for several days on a stock diet and then transferred 
to experimental diets. Most of the animals in the various 
experiments weighed from 30 to 45 gm at the time the experi- 
mental diets were started. In each individual experiment, 6 
to 8 animals of comparable ages and weights were run simul- 
taneously on the different diets. Care was exercised to make 
comparisons only between similar groups. The animals were 
kept in individual cages wdth large-mesh screen bottoms. Ap- 
proximately 250 rats were used. 

Diets 

The composition of the basal diet used in the experiments 
is shown in table 1. The diet was prepared wdth sucrose or 
corn starch as desired, and the various supplements added. 
Corn starch extracted by the procedures to be described, was 
used in some experiments. Corn starch heated in an oven at 
120°C. for 4 hours, and potato starch- were each used in 
1 experiment. 


“ Maiiisehewitz. 
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xVll. diets were Ki'i'en ad Uhilmn and tlie amounts oaten re- 
corded at intervals of 1 to 3 days. 

TABLE 1 

Composition of 'basal diet. 


Casehi ^ 

Kydi’O'^cutitcH'l vegctuljlo oil 
C!m’ii oil 

SuoroHi' or eovii sUutIi “ 

(Snlt iiuxtiiro'^ 


SSiqililenient.s per Kilograio of Diet 



in a 


7)1 1; 

TIii.Mniine dilorido 

20 

Para-ainiuo-l)('iizni(' judd 

K) 

pYricloxino 

20 

Biotin 

0.1 

Ililiofln rill 

:i0 

rolit'- ludd 

0.2 

(’‘ii piuitfdlicnjilo 

Gil 

2-111 

1.0 

Xieotiiiic add 

200 

^■/?-a't()C'Oplioro] acc' 

15.0 

Tiiositol 

GOO 

Vitaiiiiix A concentrate 

(id.linil LT.S.P. units 

Asc.orliic acid 


Titumiii D concentrate 

fi.OOO U..S.P. uint.s 


^ Vitaniin test eosoiii. 

corn staivlij Corn Profluots Rdimng Co., Ar.go, Til, 
’•Osihonie aiul Mendel. 


20 

10 

1 

oG 

4 


Cli aline determinations 

Clioline detenninatioiis were done by the reineckate metliod 
as nioditiod by (-llick (’44), with tlie following adaptions. 
l.)ii])licate 25.0 gni samples of corn starcli were mixed with 
e<pial amounts by weight of imlverized pinniee stone, and 
10.0 gm sauiple.s with twice the equivalent amounts of pumice. 
Each sample wa.s placed in a 33 X 04 mm extraction thimble 
and extracted in a Soxhlet extractor connected with a 250 ml 
boiling flask, using a single 125 ml volume of methyl alcohol. 
The extractions wore allowed to proceed for 24 to 36 hours. 
Liberation of bound choline was accomplished by hydrolysis 
with 50 ml ot a saturated solution of barium hydroxide. 
Separation of the choline reineckate precipitates by filtration 
was pei'formed in a cold-room. The precipitates Avere dis- 
solved in acetone which was collected in colorimeter tubes, and 
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readings were made on a Klett-Sinnmerson colorimeler. 
Known choline chloride samples were run simultaneously by 
adding them to 50 ml volumes of barium hydroxide and sub- 
jecting’ them to the same subsequent treatment as the un- 
knowns. 


Starch-extracts 

Fifteen-hundi’ed-gm samples of corn starch were extracted, 
twice by shaking with distilled water, 3 times by percolating 
with methyl alcohol, and once by pereolatiiig with other. The 
solvents were separated by tiltration and evaporated in a 
stream of warm air, leaving the extracted residues. Samples 
of some of the residues were taken for choline analyses. In 
3 experiments, the combined residues from 1500-gm samples 
of starch were added to 500-gm lots of the sucrose-containing 
diet, and in a fourth experiment, the water and first alcohol 
residues, and the remaining residues, were added separately 
to similar amounts of the sucrose diet. The starch-extract 
diets, therefore, should have contained any extractable prin- 
ciple in about 5 times the concentration that was present in 
the starch-containing diet, assuming that extraction wa.s com- 
})lete and that none was destroyed in the process of extrac- 
tion. The effects of the starch-extraet-containing diets were 
compared with those of sucrose and starch diets, 

Suca'wylsidfatliiasole ( SST ) 

Groups of animals were placed on diets containing sucrose, 
starch, starch plus 2% SST, and starch plus 2% SST phis 
0.2% choline chloride, and the effects of these diets compared. 

Examination of animals 

Animals were usually observed daily, v^eighed, and exam- 
ined for intraocular hemorrhages. Those which died during 
the experimental periods were autopsied and the kidneys, 
livers and other organs examined grossly. Microscopic sec- 
tions of livers and kidneys were examined in a few cases. 
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Some of tlie, survivui<>’ animals in the early experiments and 
all of them in tlie later experiments, were autopsied after 
about 10 days on the diets. The animals of 1 group on the 
choline-deficient sucrose diet were killed at intervals during 
the development of the renal lesions in order to observe the 
early changes, and a small group on the starch diet were eon- 
tinnod on the diet for 4 months so that the chronic effects 
might he noted. 

Examwafion of urine mid feces 

The gross characteristics of the urine and feces of all of 
the groups were noted, and the urine from a few animals was 
examined for albumin and blood. Groups of 4 adult rats each, 
were placed on diets containing starch, sucrose, and starch 
plus 2^ SST, and after 4 days on the diets, collections of feces 
were started and continued for 10 days. Choline determina- 
tions were done on the specimens. 

EESXTLTS 

Comparison of effects of sucrose and starch diets 

As summai'izcd in table 2, the incidence of illness and death 
from hemorrhagic, kidneys was considerably greater on the 

TABLE 2 ‘ 

Comparc^on of cfj rets of diets coniavninp sucrose (end starch. 


nniT 

XUMIJKU. r>P 
ANlM.UiS 

mu WITH 
LOSS OP WmOHT 

DEAD WrTIE 
« ItEAtOKIlHAnrC 
KTDNEVS 

AVKn.VOE 

DAinY \VT. 
15A1N- PmST 

T) DAYS ■' 




% 

fjyn 

Sucrose 

aO 

SO 

G2 

2.0 

Corn starch 

44 

43 

10 

2.7 

^ This table includes 

some of the 

animals of other tables. 



111 some ot tlio oArly cxporiiiieiits, tlie surviving ajiiininls were not nutopsied 
ami tlio exact hiciclenee of lieinorrliagic kidneys was not known, but tliese figur<?s 
represent tho approximate incidence. 


In the ocensional animai which became ill or lost weight during the lifth day, 
tlu« average gain during the first 4 days was used iii calculating these figures. 

' 111 some experiments extracted corn starch was used, while in others starch 
was employed without extraction. The protective effect was not decreased by 
extraction. 
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sucrose diet than on the same diet containing corn starch. The 
animals usually became ill a day or 2 earlier on the sucrose 
diet. Food intake and growth were greater on the starch diet, 
so that the protection was not due to limitation of food intake. 

Potato starch was used in place of corn starch in 1 experi- 
ment and seemed to be effective in preventing bemori-hagic 
kidneys. However, so much of the starch passed through the 
animals undigested, that growth was poor in spite of much 
larger food consumption than on the corn starch. With an 
equal food intake, the feces from a group of animals on potato 
starch weighed (after drying) 7 times as much as that from 
a group on corn starch. While the feces from animals on corn 
starch were grossly similar in appearance to that on sucrose, 
the feces on potato starch were much more bulky, lighter in 
color and similar to that described in eases of refection (P>liss, 
’36). 

Choline content of corn starch 

The corn starch was found to contain 13 to 15 mg choline 
chloride per 100 gm.® The amount of starch used iDer kilogram 
of diet mixture therefore contained about 80 mg of choline. 
It was found (table 3) that the addition of 100 mg of choline 
chloride per kilogram of diet did not significantly decrease 
the incidence of hemorrhagic kidneys, though this amount of 
choline did increase the rate of growth of the animals (com- 
pare with table 2), and the time of development of hemor- 
rhagic kidneys was delayed by 1 to 2 days. Two hundred mg 
perhaps afforded about the same degree of protection as the 
starch, and an occasional animal ■was observed to develop the 
syndrome on the sucrose diet to which had been added 500 mg 
of choline chloride per kilogram. 

Effects of corn-starch-extracts 

After finding that the starch contained too little choline to 
account for its protective effect, it then seemed that there 

’ The choline determinations were done on the starch a.s it was used in the 
diets, without drying. There was a loss in weight of approximately 10% oil dry- 
ing in an oven at 100*^0. 
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ini,nlil )ip pi’osent otJier iirotective factors, wliieli would be 
acti-ve wticu extracted and added to tbe sucrose diet. 

To lest tins liypotlicsis, stai'ch exti’acts were prepared as 
already described. Extraction with water produced a small 
amoinit of crystalline material, probably chiefly sugars. Tbe 
water retained liy the starch diluted in decreasing- degree the 
alcohols used in successive extractions. A yellow pigment 
was removed yirincipally by the first alcohol extraction; a 
brownisli material, which was insoluble in ether and acetone 
and was probaldy zein, was found principally in the second 
one; the latter 2 contained considerable amounts of fatty 
sul)stanci's. T])e ether extracts produced a pearly looking- 
fatty nmto]-ial. 

(holine determinations dmie on samples of the residues 
extracted from the 1500-gm lots of corn starch indicated that 
cxppi oximately one-third of the choline content of the starch 
had been extracted. This means that about 70 mg of choline 
were added to 500 gni of the sucrose diet by addition of the 
extracts. 

In the first experiment comparing the effects of diets con- 
taining sucrose, starch, and sucrose plus starch-extract, the 
extract appeared to produce a questionably beneficial etfect. 
llmvex-er, in subsequent experiments using the extracts, the 
animals lured about the same or even worse than those on the 
sucrose diet alone (table 3), in spite of the fairly large choline 
content of the extracts. In one experiment using a limited 
number of animals, it seemed that heating the unextracted 
slarch might have decreased its protective action. In order 
to rule out the destruction of an active principle by the process 
of extraction, 2 groups of rats were fed the diet containing 
extracted starch, and the survival was at least as great as 
vith nnextracted starch. It had to be concluded that the 
protective effect was due to an action of the starch as a whole, 

or possibly to substances not extracted under the conditions 
used. 
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TABLE 3 

of siarch-CiTtracts, 


DIKT 

XUMUKlt <IF 
AX iM. 4 5.8 

I r.T) wmi 
LOSS OP 
WEIOHT 

T>U.A.I» WITH 
HEMrtnnnAoiC! 
KlIiNLYH 

AVEUAUF. 
OAILY WT. 
GAIN PinST 
r> DAYS 




Vc 

ffm 

SucrosP “b t'ombilicd oxiract 

IS 

72 

44 

2.8 

Suerosff *4“ water-aleuliol extract 

0 

sn 

07 

2.5 

ftiicrose “}- ulcoliol-etlier extract 

0 

07 

50 

2.8 

Sucrose d" clioline 





chlornlo per kilogram 

.IS 

78 

44 

2.7 

Sucrose clioline 





('liloritle ])ef kilogram ^ 





Sucrose -f- 500 mg clioline 





eliloride per kilogram ^ 





SI arch 

is 

39 

11 

2,9 

Extracted stareli 

12 

17 

8 

3.3 

Heated starch 

0 

50 

33 

3.1 

Potato starch 

(i Some ill but not due 0 

0.8 


to hemorrhagic kidneys 



^ Tlje animals of these groups were not entirely comparable with those of the 
other groups. 


Effects of succmylsnlfathiazole (8ST) on the 
protective action of starch 

At tins point in the investigation, it was considered i)rol)ahle 
that the effect of the starch was due to an influence on the 
production by bacteria in the intestine of clioline or some 
factor necessary for the utilization of choline stores or cap- 
able of affording protection in some other manner. To in- 
vestigate this possibility, starch-containing diets with added 
SST were used. 

The addition of 2% SST to the diet did not cause the ex- 
pected increase in incidence of hemorrhagic kidneys (see 
table 4). Actually the death rate was somewhat less than 
without the SST. Again the food intake and growth were 
better than in the control animals. It was noted that the caeca 
of the animals receiving SST were, in every case, much larger, 
at the end of the experimental pei'iod, than those of the ani- 
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mals receiving starch or sucrose diets without SST. This, 
however, was probably due chiefly to dilatation, and was not 
altered by additions of choline. 

In the 2 later experiments utilizing SST, biotin and para- 
amino benzoic acid were omitted from the diet. This did not 
alter the results. 


TABLE 4 

Effects of siicchiylsulfailiiasole (SST). 


DIET 

NirMBBR OF 
AN'IM.\,'LS 

KEKOIIRHAGIC * 
KIDNEYS 

DEAD WITH 
HKMORRHAGTO 
KIDNEYS 

AVERAGE 
DAILY WT. 
GAIN FIRST 

5 Dx\YS 




Cr 

ffm 

Starch + 2% SST 

Starch + 2% SST + 

14 

43 

7 

2.4 

0.2% choline chloride 

6 

0 

0 

2.3 

Starch 

14 

50 

28 

2.3 

Sucrose 

13 

92 

54 

1.7 


‘The sTirviviug animals were autopsied on the tenth day. 


Choline content of the feces 

Significant amounts of choline were not found in the feces 
on any of the choline-deficient diets. 

Effect of choline on the consistency of the 
diet mixtures 

The basal diet, particularly when made up with sucrose, 
was soft and sticky. When choline was added, the mixture 
immediately became much firmer and more granular. As little 
as 5-10 mg of choline chloride per 100 gm of diet produced 
a noticeable change in consistency. The mechanism of this 
effect was not extensively investigated but it seemed probable 
that it was due to a change in the physical state of the mixture 
not entirely explained by the hygroscopic effect of the choline 
chloride. 

Pathological observations 

_ Most of the animals which became ill on the choline-deficient 
diets, exhibited the renal lesions previously described by 
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otliei’s, consisting’ of intense vascular congestion and some 
hemorrliag’es, and necrosis of the renal tubules particularly in 
the cortex. Some of the animals which were killed while still 
apparently healthy exhibited hyperemia and congestion of the 
vessels in the capsule and adjacent tissue. 

In the acute stages of illness, the urine usually contained 
albundn, and sometimes appeared red but was not found to 
contain blood. In the animals which survi\'e(l the acute stages, 
the resolution of the lesions was much like that described by 
Christensen (’42). However one of a small group of animals 
maintained on the clioline-deticient diet for 4 months, died, 
apparently of renal insufficiency, 3 weeks after being placed 
again on the stock diet, and the kidneys were found to be 
severely scarred. 

The incidence of intraocular hemorrhages was a little more 
than one-tenth that of hemorrhagic kidneys. In most cases 
the hemorrhages appeared to originate near the periphery 
of the lens. Opthalmoscopic examination was attempted in a 
few animals where the hemorrhages were not so extensive 
as to make visualization impossible. No lesions to account for 
the hemorrhages were observed. Some animals which ex- 
hibited intraocular hemorrhages survived and were placed on 
the stock diet and observed for prolonged periods. In cases 
of massive hemorrhages, there was organization of the blood 
with fibrosis and loss of vision, while slight hemorrhages were 
resorbed with little visual impairment. 

Most of the animals with hemorrhagic kidneys had livers 
which appeared slightly to markedly fatty. Two animals on 
the starch diet, which died presumably of hemorrhagic kid- 
neys, were found on autopsy to have an acute focal necrosis 
of the liver, with grossly normal kidneys. 

DISCUSSION 

Fletcher, Best and Solandt (’35), using the method of 
acetylation and bioassay, reported a value for the choline 
content of corn starch higher than that found in the pres(*nt 
study. It is possible that this discrepancy represented a real 
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(liffercnce in the cliolino content of the 2 stai'ches. It is doubt- 
ful, however, tiuit evtoi the value reported by the investigators 
referred to, is sufficient to account for the anti-hemorrhagie- 
kidney effect of the starch. Furthermore, as has already been 
pointed out, the extracted starch, from which a significant por- 
iion of the choline had been removed, was just as effective 
as the iinextraeied starch. 

Since others have experienced no difficulty in producing the 
hemorrhagic-kidney syndrome on ^diets containing 5 to 6% 
yeast, which must have (‘ontained at least 200 mg of choline 
]»erkgof diet according to the data of Engel ( ’42), it appeared 
unlikely from the beginning that the protective effect of starch 
was due entirely to choline. It was thought more probable that 
the starch contained other substances with labile methyl 
groups, not precipitated by reineckate in alkaline solution, 
or factoixs affording protection through some other mech- 
anism, and that this study might provide an opportunity' to 
isolate and identify the active substances. Engel (’42) ob- 
served that dried beef liver gave gi’cater protection when fed 
wnth a choline-deficient diet than was accounted for on the 
basis of its choline content as determined chemically, and 
Lucas, Norris and Heuser (’46) reported that crude diets 
contained more “choline” Iw the microbiological method than 
by the reineckate determination. However, the inactivity' of 
the starch-extracts, in spite of the fact that the extractable 
substances of the starch were not completely' removed as 
judged by' the cholhu' content of the extracts, made the pres- 
ence in starcli of significant amounts of other protective 
factors unlikely'. The diets containing the starch-extracts liad 
a higher choline content, by' a factor of approximately seven- 
fourths, and a much higher relative content of many of the 
other extractable .substances, than the diets containing starch 
it.sclf. The possibility remains, nevertheless, that the ext,racts 
may' have contained some substances in low'er proportion. 
More complete extraction of .smaller amounts of starch, or of 
equal or greatei- amounts with elimination of the choline, 
woirld di.spose of this uncertainty only if a positive result 
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were obtained in the form of gTealer protection by tlie exti’aets 
than accounted for on the basis of choline content, and this did 
not seem sufticiently likely to justify tlio laborious procedure. 

The question of the effect of the starch on the intestinal 
synthesis of choline I'oinained. duVignieaud and associates 
t’39) demonstrated that labile methyl groups, which are an 
essential part of the choline molecule, cannot be synthesized 
in the body of most rats in necessary amonnts, and constitute 
a dietary requirement, thmxgii an oc'casional rat may be able 
to grow on the methyl-free, homoeystine-containing diet (with 
the earbohydi’ate in the form, of sucrose). After feeding 
with a casein diet, it was sIioami (du Vigneaud, Sinnnonds, 
Chandler am.I Cohn, ’4.5) that the methyl groups of choline 
isolated from the animals, contained a small amount of 
deuterium, indicating that some synthesis of methyl groiTps 
had occurred, probably in the intestine. Other investigators 
(Bennett, Medes and Toennies, ’44) have observed more con- 
sistent growth on methyl-free diets, due, in Bennett’s (’40) 
opinion, to a difference in the pre-esperimental diet, and have 
obtained inhibition of growth by addition of .succinylsulfathia- 
zole to the diet (Bennett and Toennies, ’46), However, since 
growth continued for a month after adding the SST, and 
was not resumed when the SST was removed without first 
returning the animals to the stock diet (Bennett, ’46), it is not 
entirely clear what the effect of the SST was. 

It has been .shown that the bacterial flora of the inte.stine 
may be influenced l)y the eom])osition of the diet (Herter and 
Kendall, ’09), and that the amounts of vitamins produced by 
the intestinal bacteria may also be modified liy changing the 
diet (Gluerrant and Dutcher, ’34). It seems, though, that if 
the protection afforded by starch against hemorrhagic kidneys 
was due to an increase in the synthesis of a protective factor 
in the intestine, that it would have been prevented by the 
SST. The results with SST did not rule out a decreased pro- 
duction of an a.ggravating factor as a result of .substituting 
the starch for the sucrose, and it i.s possible that the choline- 
producing organisms were resistant to the SST in the con- 
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centratioii used, or that the 5- to 8-day period necessary for 
the development of the hemorrhagic syndrome was not long- 
enough for the maximum effect of the SST. 

Handler ( ’46) noted that hemorrhagic kidneys did not occur 
on diets with the carbohydrate in the form of lactose or galac- 
tose, apparently because of the general nutritional failure on 
these diets. This explanation was not applicable to the results 
obtained in this study with starch, for the nutritional state 
remained good. 

The observation by others that the incidence of hemorrhagic 
kidneys in animals on choline-deficient diets is less when the 
animals are caged together than when kept in separate cages, 
suggested that choline determinations on the feces might 
provide evidence of intestinal synthesis. Biological assay of 
tlie feces for protective factors might have given more in- 
formation than the chemical determinations. 

The number of animals used was too small to permit definite 
conclusions regarding the apparent enhancement of the pro- 
tective action of starch due to its extraction. 

The acute focal necrosis of the liver and chronic renal in- 
jury of fatal degree, which were obseiwed in a few animals in 
this study, have not been noted in similar studies by most 
investigators. Although the animals were apparently healthy 
in the pre-experimental periods, these lesions could not be 
attributed, with certainty to choline deficiency. The intraocular 
liemorrhages bore at least a superficial resemblance to those 
of unkno-vm etiology which occur fairly commonly in young 
men, and while it does not seem likely that the human disease 
is due to choline deficiency in most cases, the possibility that 
the defect may be related through other common factors to 
that in the experimental syndrome should be considered. The 
nature of the rather widespread vascular disturbance pro- 
duced by choline deficiency, which may even be responsible 
for the renal necrosis, perhaps as a result of renal anoxia, 
has not been definitely determined or extensively investigated. 
The similarity of the renal lesions of the rats to those seen 
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in the human syndromes characterized hy acute bilateral cor- 
tical necrosis, has been commented on by Christensen ( ’42). 

SUMMAR'S" 

The incidence of illness and death due to the hemorrhaji,'ic- 
Ifidney syndrome in young rats on a choline-deficient diet, was 
significantly less when the diet contained corn starcli, than 
when the carbohydrate was in the form of sucrose. 

This effect of the starch was more tJian that jirodnced by 
the addition to the sucrose diet, of more choline than was 
contained hy the starch. Addition of increments of choline 
resulted in more rapid growth and a later ayjpearance of 
hemorrhagic kidneys, before there was a significant decrease 
in the incidence of the syndrome. 

Residues from extracts of the starch did not afford pro- 
tection wlien added to the sucrose diet, and extracted starch 
was at least as effective as unextracted starch. 

Addition of 2% suecinylsulfathiazole to the starch-contain- 
ing diet, did not diminish the protective action of the starch, 
and on none of the choline-free diets were significant amounts 
of choline found in the feces. The caeca of the animals re- 
ceiving suecinylsulfatlnazole became markedly dilated. 

In spite of the failure to obtain evidence of an increased 
bacterial synthesis of choline on the starch-containing diet, 
some eff'ect within the intestinal tract appeared to be the 
most probable explanation of the protection afforded by 
starch, though the possibility of other protective factors in 
the starch was 7iot entirely eliminated. 

The lesions which were observed on the choline-deficient 
diets, and the significance of the vascular disturbance, were 
discussed. 

LITERATURE CITED 

Baxter, J. IT. 1945 The effects of pyridine administratieii and their pre- 
vention hy rnethionine. Proc. Ani. Federation Clin. Res.y /3; 77. 

1946 Studies of liver and kidney injury produced hy toxie snb- 

staiiees, I. Home effects of pyridine and their prevention hy metMo- 
nine. J. Clin. Inv. (Proe.), : 908. 

Benneto, ]\r. A. 1946 The intiuenee of pre-experimental food on the utiliza- 
tion of honioeystine in a niethyhfree diet. J. Biol. Cliem., 16’/?; 247. 



348 


JAIMES H, EAXTEK 


liEN'XKTT, IM, A., G. MliiiOES .VNi) O. TaK.N.N[K.s 1044 Growth ol; al])iuo rnta on u 
elioliuo-t'roo cliot in \vlut*li lioiuocystino is the only siillhir-oontaining' 
niiiino iicid. (Jrowtli, A'; ^O. 

Bkn’XET'G M. a., and G. Toknnies 104h The intostinal and livor factors in 
tlu' inetaholie utilization of houKH-ystine. J. Biol. Ghem., JOS: 2oo. 

BijLSkS, S. .Uh-U> Kot'cction in the rat. J, JS'iitrition, 11: 1. 

(hniisTNNSEN, K. lO'BI Bonal chau^ps in tlio albino rat on low eUollue and 
<dMiIine"deli<'iont diets. Aivli. Path., O-l: ()^>3. 

Dkssao', F. 1., AMI) d. d. Ddeson Il)47 NrJtiire of renal chaiiji^es in acute choline 
didhiioncy. ,Proc. Soe. Exp. Bioi. Mod., 04: 278. 

i>i! AGgneaud, M., J. P. CiiANDLEh', W. A. Moyfr and D. A[. ICeppkd 1031) The 
eilect ot‘ eholine on the ability of hoinocyatlno to replace niothionine 
in the diet. J. Biol. Chetn., 1:11: 57. 

im Vignealu), V., M. Oofin, J. V. Gi-iANDiaiR, J. R. Sf’henck and S. SL\rxi.ONDs 
1041 The utilization of the methyl ^?rcmp of: methionine in the bio- 
logical synthesis of rdioline and creatine, J. Biol. Gliein., 140: 025. 

m' AGgneaud, A^., 8. Simxionds, J. P. (hiANDLF.it AND M. GotiN 104J Synthesis 
of labile methyl groups in the white rat. J. Biol. Ghein.. t^O: 755. 

EngI'iL, }\. \A' , 1042 Alodilied nietliods tor the clicniical and biological didi'miina- 

tion of choline. J. Biol, (diem., 144: 701. 

.1 LETi’i'iLR, «T. P., (,. U. Best and 0. Al. Solandt 1035 0(.IXrx, Bistribiition 
of choline, lliocdiem. J., -1!): 2278. 

Glick, B. 1944 CVniceriiiiig the reinockate method for choline determination, 
J. Biol. Ghein., 156: (148. 

GRiDPJTir, AV. II. 1940u Choline Metabolism. TIT. The elfect of c.y.stino,, fat and 
cholestt'roi on hemoiThngie, degeneration in young rats. J, Biol, (hliein., 
ISil: 1)39. 

E940b Choline motabolism, I A". The relation of age, weight and 

sex oi; young rats to the oecuiTeiic.e of liomorrhagie degenerntioii on u 
low chnlitie diet. d. Xiitrition, 15: 437. 

■ 1941a The relation of eholiiie to tlie kidm^AAs. Biol. Symposia d • 

198. ‘ * t ; - 

, The nutritional importance of choline. J, Nutrition, 2,2.* 241. 

Griffith, AV. H., and T). d. Hulford 1941a Choline in(‘tabolism, A'T. Hemor- 
rhagic degeneration and the labile metliyl supply. J. Am. Chem 8oc 
66: 929. ‘ ' - — j 

^ Choline metabolism. ATI. Some dietary factors affecting th(‘ 

incidencti and seAuu-ity of hemorrhagic dcgeriomtioii in young '"’rats. 
J. Nutrition, ;21: 088. 

Gkiitith, W. H., axi) y J. Wade lUMP CUioline iXIetabolism. I. Thn oo.eaiTenee 
and prevention of Uemorrlingic degeneration iu young rata on a low 
choline diet. J. Biol. Chem., 161: 567. 

4940 Oholino metabolism. II. The interrelationship of choline, 
cystine and inctMonino in the oecurreiKJc and prevention of hemorrhagic 
degoueration in young rats, J. Biol. Chem., U:4: 627. 

Gueeraxt, N. B., akd R. a. DtTTCHER 1 PSd Effect of typo of enrboUvdrate on 
vitamin B and G potuiicy of feces voided bv rats. Proe. Hoc E.xt) 
Biol. Med., $t: 796. ^ ‘ 



STAHCfi AS\i HEJM(J]nUiA(UC SYXDPAIMK 


54 !) 


llAKnLKU, P. P)4r> PaHoi's afftH'iia^ the oeeurreiiee <tt- Iieiiiorrlia^ie hiilncvs 
due to e]if)liiit‘ dedeieiiey. J. Nati'ltioa, ;?7. : hiM. 
nA>vj)LJ'Jj, 1 AN"i) 1. X. 1)1. i!ix 1 94t> Th(.' sir'll Hira of fatty inliliratioii in 
the (levelopineiit of Iiepatie eirrhosiH due to elioliue rletieieiiev. d. XiitJ‘i- 
tion. ;?/: 141. 

riKUTKU, (t A., AXJ) A, L Kendall IDOfi The inllueiiee of dietary alterations on 
the Ivju's (if intestinal llura. J, IViol. tlieni., /; 1 !d;I. 
lD'<*As. II. L., K. (\ NonuiH ANf» (4. P. Hkpsek IDp; Furllier evidioiee «>f 
met hylat aide ]treeurso]’s of (4.ioli]U‘ in natural inat(*riais, Free. Sue. 
Exp. nioL IMed,, fV,?; :\ 2 . 




Till-: <,»TJALITY OF I’HE DIET AND THE 
( ;n X S I "M 1 ’TIO N OP S tJCDOSE R( ) I. HTIONS ^ 


(!. M. II.. 'CAT ANT) EVA M. EATON 

AilUnal Nuiniim\ Lahin'nioyu, Cnmdl Vnir’’i\Ah^. 
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Di lif.'U) t1u3 national expendittiro for soft drinks was aljont 
$-100,(Mi(l,(Xl0 (Iteid, ’43). The following stinlies of tlie past 
4 years liave attempted to use tlie wliite i‘a,t to determine 
Sdtiie of die factors tliat inflncixce tlie consumption of tlieso 
liex-erages wliieh consist eliielly of a 10% solution of sug*ar 
willi ]la\'ors, coloring matter and acids such as pliosplioric and 
cilrie. Pro\’ions studies have .already been published in re- 
gard to the etching of the enamel of the teeth by these 
hcMT.ages (Hieri, McOay, Bostarski and Gortner. ’40). 

,KA'I'|.',l!rME\TAL 

The 'li'dir.r CDiisviii.jilion of the ivlille rat 

Ehoeii rats were used to measni'c the water consmiiiition 
when fed ou)' stock diet.- Calibrated glass tubes were used 
fiM- tlie.se measurements. Eats were about half grown at the 
•start of the study. Rix studies were made covering the 
months of ..Vngust, September and October. The results are 
.‘'UmmariKed in table 1. 

*'rhi'xt‘ were started at the Naval Medip.al Thbsourrdj Institute, 

iMitestla, Murvhmd, and concluded in the Animal Nutrition Laboratory. Cornell 
liiuvershy, .Tihaea, New York. Assistance in the ttaviier studies was ^j^'iven h^ 
dime SnlMvan and It. A. riortnerj Jr. This re.sea,rch was finaneed in part liy a 
n:ran1 Iriu}! th»' nfiier ol‘ Naval .Research t''» determine factors responsibh* tor tin 
d‘deri<ii‘al inn uf ttM'tli and vestment lis.snes. 

i io|L>' ,\h*al ])i‘u<luu(‘d in Canaiidai^i’ua, N<av Ytn'k, 

:h11 


Oopy.rig;lil, 19.17 

'!'lo' Wi'Oju” hii-titiHf uf Aiiutmny uiid Biolugx , 
All rijilits vig-crved. 
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^Vtteinpts were made to correlate tlieso data ’svith Immidity 
and temperature but the numbers were small and no eor- 
(•(‘lation was found. Individual rat.s are quite constant in their 
daily water eoiisranption but vary widely among themselves. 
The study indicated some sex difference but this Avas not 
ronfiruied i]i subsequent studies. 

TABLE 1 

Daihi waiter coru^amption per 100 gm of live wciffJii 
for 11 ralH of each sew. 


MKAiNT DAIIjY 


vmiC)r> 


TTlMArj'] 



jfAi.rj 


Tjnrr. 

I r)4n 

Moan 

Max. 

Min. 

Mr: fin 

SI ax. 

Min. 

Wtd; 

hull) 

13ry 

ljulb 


■ml 

'ml 

ynl 

ml 

ml 

ml 



A«j?. ri-17 

14.7 

21.0 

lO.P 

12,9 

19.7 

9.7 

73 

S4 

Aug:. 18^27 

12.H 

14.7 

10.4 

i2.a 

24.6 

S.8 

68 

74 

Aug;. 2S-Sf‘X)t. S 

14.0 

1 0.0 

12.0 

12.4 

24.5 

9,2 

71 

73 

Sc'iH:. i)"30 

1-1..5 

17,8 

10.2 

12.2 

22.0 

9.2 

62 

71 

Oftt. 5-15 

15.3 

22.2 

9.4 

11.4 

16.5 

8.7 

63 

73 


IG.d 

22.S 

10.6 

11.9 

17.1 

8.2 

63 

73 

M(?an and P.E.]\r.^ 

I'l.Oa ± 0.2 

7 

12.2 ±. 0. 

,34 



Idffereneo betwotui 









means 

2, 

An It 0.43 






iMean inertia .sn of: lu 

id.v wi. (grii) : Pernalt*, 

143-180; 

Male, 

151-242 




^ {*n'>()aliU‘ orror ol‘ tlio mean. 


The consumption of 10% sugar solutions 

In the course of studying the etching' effects of acid bev- 
erages upon, the teeth of different species, it was obseiwed that 
mice, rats, hamsters, monkeys and guinea pig's are fond of 
sugar solutions but many dogs drink tJiem with great re- 
luctance. Hausmann found the rat to be fond of a 

solution sweetened Avith saccharine. Richter and Campbel] 
(’40) discovered that the rat 2 U'eferred 10% sugar solutions. 
All of om- studies have used this concentration. 

Iii o]'der to comimre the relatiA’o appeal of 10% sucrose 
soUitlnns and distil](‘d AAniter SAAU'-eteued Avith saecharhio and 
dulcin, 2 g’ron]js of rals eontainiug 7 each Avero placed iji hn'go 
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sim'k cases. These rats had a mean weight of 225 gm and 
were .‘1 mmilhs old at the begimiing of the study. The snln- 
lioii of saei'harino contained 7 mg per 100 ml and the dulein 
:!U mg per 100 ml. 

In the first trial the groni^s of rats were alloived to choose 
helwcmi 4 - ti:ih(!S containing water, 10% sucrose, saccharim* 
and, ihilciii <lnriiig a jicriod of 20 days. The mean daily con- 
siiiujilions, in ml |)cr rat,, were water O, snci'ose (iO, sacchaidiie 
!», and dnicin 2. 

in a sr‘i'ond study witTi the sann* animals for the .same 
period, tiie sugar solution was omitted. The daily consniup- 
lioiis in this experiment were water 3, saceliariiie 30, and 
tlnlcin S. 

A, thii-d study compared Avater Avith dnicin. The mean daily 
consumptions Avere Avater 8 ml, and dnicin 20. 

A, fourth comparison involved Avater and saccharine and 
yielded the Amines of 9 and 26, respectively. 

Tliese data indicate that, AAdien onr stock diet aaus used, 
the rat’s preference Avas in the folloAving order: sucrose, 
saccharine, dnicin and water. These result, s might liaA’e been 
modified by varying the concentration of the synthetic SAveet- 
ciiiiig agcnt.s but this aagis not done. 

In exploratory studies for further work comparison Avas 
made of the (ixm-etion of urine by rats drinking Avater in 
l•olllrast, to sncrose solution. For a month comparison vms 
made using 2 rats A\mighing 360 gm. During this period rat A 
coasiimed daily, 72 ml of sncrose solution and 10 gm of stock 
diet. The daily urine excretion Avas 43 ml. In comparison 
rat 15, drinking Avater, ingested 40 ml of water, ate 17 gm of 
feed and excreted 15 ml of urine, daily. 

la'koAA'ise an initial study was made to determine the rela- 
tive amounts of sucrose solution and water that were drunk 
hy female rats nursing large litters. In nursing a litter of 
12, .1 female eon.sumed daily 69 ml of sucrose and 17 ml of 
watei- while a second female nursing a litter of 10 drank 
daily. 71 ml of the sucrose solution and 24 ml of Avater. 
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The relative consumption of sucrose solution 
and water as a rat groivs 

A scries of exploratory studies using 140 rats was made to 
determine i f tlie growing rat would tire of the daily ingestion 
of sucrose solutions, or sucrose-phosphoric acid as found 
in cola beverages. Paired rats were used to compare the 
relative amounts of water and sucrose solution consumed at 
different periods from weaning until tlie rats were 100 days 
old. In part of Idle trials, the rats were not used until they 
weighed 100 grn. 

Detailed data from these studies are not presented since 
the results were the same in each trial. A period of 5-10 days 
was required for most rats to develop their taste for sucrose 
solutions, so that daily performance was consistent. After 
this the amount drunk increased regularly until the experi- 
ment terminated after 70 days. 

In one typical study 28 rats were divided into 2 groups. 
One gi’oup was given sucrose solution and the other group 
water. The animals wei’e caged individually. During the 
first 28 days the mean water consumption per day was 22 ml. 
Per 100 gni of body weight per day it was 19 ml. During the 
next 42 days the comparable values were 21 ml per day and 
12 jier 100 gm of live weight. 

During this same period those given sucrose consumed dur- 
ing the first period a volume each day of 28 ml, or 24 ml per 
lOOgm of live weight. During the next 42 days the mean con- 
sumption was 46 ml per day and 22 per 100 gm of live weight. 

The water consumption of a growing rat increases only 
slightly as it grows and declines in relation to its total body 
weight. The consumption of sugar solutions increases as the 
rat grows and maintains a fairly constant ratio to the live 
weight. 

In Ihe course of these exploratory studies, other variables 
were introduced for comparison such as a commercial cola 
beverage as .sold, a water solution containing HsPOj, (18 mg 
per liter) and a 10% sucrose solution containing this same 
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;itiiniiii1 iii. -t\ll solutions coiitaiiihiji;’ lO^vi sucrose g’five 

jJic same results so iieitlier the phosi)horic acid nor other eon- 
sliluwits ot‘ the commercial cola beverage, such as eatteiiio, 
itiodilied llie amount drunk by the rat. 

Thr. i.fcH of level of suejar in the diet upon the 
drkddng of sugar soluUou 

111 i'eedingmon in the Navy, the proposal had been made 
diat less soft drinks would be purchased if more sugar were 
miiployed in the ration. Two diets were devised to determine 
if sugar in the diet might modify the rat’s consumption of 
sugar solution. The percentage composition of diet A was 
as lollows: sucrose 48, salt mixture 4, casein 25, dry brewer’s 
yeast JO (mixed 1/50 with irradiated yeast), hydrogenated 
cooking fat 10, and cod liver oil 3. Corn starch was substituted 
for sucrose in diet B. 

Voung adult rats were divided into 2 groups and caged in- 
dividually for this study. Each had access to water and 10% 
sum-nse solution. In the course of 4 weeks, (table 2) no dif- 
fereiice was found between those fed the diet rich in sugar 
contrasted with those fed the starch diet. Very little water 
was di'iink. The mean consumption of sucrose solution was 
*i0 and til ml per day. 

I sing the same animals a second trial avhs run feeding 
diets still richer in carbohydrates. In this ease the sugar or 
starcii was mixed to comprise 74% of each diet while the 
per <-ent of all other constituents was cut in half. This was 
done liy mixing equal weights of sugar with diet A, and 
starch with diet B. In table 3 these new diets are designated 
A, and Bj. 

I’lic I'csults (table 3) provide no evidence that the sugar 
le\e] ot Die diet modilies the amount of solution drunk by 
Ihe rat. However, in tlie second experiment the quality of the 
diet was rmiuced in essential nutrients by dilution with carbo- 
hydr.'des. Ihe amount of sucrose solution consumed by every 
individual on both the starch and sugar diets was reduced 
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TxiBLB 2 


Mat i-.rpn'imvHt (using high sugar and starch diets, and 10% sugar 
solution and water (7-13-44 to S-S-ll), 


HAT 

NO. 

FOOJi ('.'OKS-lTMElJ 

STJG'Ali HOLUTION 
CONSUMED 

WATElt CONSUMED 

BODY WEKUUJ 


Oil 

8/.S 

Tn1 nl 

PfT (lay 

Total 

Per (lay 

Total 

Per flfiy 

7/12- 

S/8 


tJhh 

•/Of 

ttif 

wl 


ml 

tnu 

.V?/f 




Diet A (Sugar 48%) 




2a-{: 

274.4 

10 

1950 

70 

50 

o 

63 

406 


344.7 

12 

1122 

40 

60 

2 

56 

43d 

23(5 

2(57.7 

10 

1920 

69 

31 

1 

66 

439 

237 

2(5(1.4 

10 

1044 

59 

71 

3 

73 

333 


2(53.8 , 

9 

1810 

05 

62 

2 

S3 

41] 

239 

233.1 

S 

1(51 7 

5S 

57 

2 

32 

332 

A-ver, 

275.] 

10 

K5S0 

00 

56 

2 

62 

393 




Di.^t B (Stareli 48%.) 




2L0 

315.5 

11 

1249 

45 

110 

4 

54 

302 

241 

20S.0 

7 

1920 

69 

79 

3 

30 

372 

”42 

204.2 

D 

2104 

75 

45 

o 

47 

422 

243 

172.1 

(j 

1795 

04 

15 

1 


364 

244 

207.1 

7 

1495 

53 

37 

1 

37 

325 

Avar. 

233.4 

S 

1713 

01 

57 

2 

34 

369 


TABLE 3 

Mat experiment using high sugar and starch diets (M-9~44 to 9-6-44). 


nx*v 

NO. 

FOOD CONSUM15D 

.SUGAIi .SOI.UTION 
CONSUMED 

VOLUME OF 
WATEIi CONSUMED 

BODY WE roll T 

Gained Pinal 

In 28 
iiuys 

Per (lay 

Tntul 

P(*T day 

Total 

Per day 


fm, 

fim 

ml 

ml 

ml 

»?/ 

gm 

gm- 




Diet Aj 

(Sugar 

74%) 




234 

336 

12 

1405 

50 

75 

3 

19 

425 

235 

438 

16 

764 

27 

64 

2 

21 

456 

230 

355 

13 

1264 

45 

56 

2 

13 

452 

237 

295 

11 

S94 

32 

39 

1 

1 

334 

23S 

257 

9 

1027 

58 

102 

4 

1 

412 

25i9 

224 

S 

3 232 

44 

65 

2 

— 23 

309 

A vcr. 

BIS 

11 

1198 

43 

67 

2 

5 





Diet Bt 

(Stnreli 

74%) 




240 

449 

10 

677 

24 

101 

4 

30 

3l»2 

241 

275 

10 

1516 

54 

94 

3 

7 

379 

242 

278 

10 

1S02 

64 

74 

3 

11 

433 

243 

291 

10 

1152 

41 

47 

o 

2 

362 

244 

23] 

s 

1250 

45 

60 

2 


3”” 

Avtu’. 

305 

11 

1279 

46 

75 

3 

9 
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(lui-ing this pei'iod of 4 weeks. Tins was the first of a number 
of observations that suggested the possibility of using the 
vohnne of sugar consumed by the rat as an indicator of 
deficiencies in diets. 

Calcmm. in the diet and sucrose consumption 

'.rhe experience with diets rich in carbohydrates indicated 
(hat the compo.sition of the diet influenced the rat in the 
aniount of sucrose beverage consumed, but did not indicate 
wliicli of many variables might lie responsible. 

.'Mlditional clues were found in the course of another ex- 
jdoratory experiment. Plans were made to determine whether 
the teeth of growing rats were more subject to the etching 
effect of cola beverages when these rats were fed diets very 
low in calcium. A food mixture was prepared with the follow- 
ing percentage composition : corn meal 76, cottonseed oil 10, 
corn germ 5, dried brewer’s yeast 5, cod liver oil 3, and 
sodium cldoride 1. A second diet was prepared that would 
provide the animal with less calcium by mixing each 100 gm 
of the above feed with 50 mg of sodium oxalate. 

Sixteen young rats were divided into 2 groups and placed 
upon the above diets. Each of these was subdivided so that 
6 were given water to drink, 5 cola beverage and 5 of them 
10% sucrose solution. 

'riie original purpose of the experiment had to be abandoned 
because the consumption of the cola beverage and sugar solu- 
tions was so low that comparison could not be made with 
preceding studies. The average was 9 ml of sugar solution 
in contrast to 12 ml of water daily per 100 gm of live weight. 
In spite of the low calcium diets these rats all lived and 
doubled their body weights in 12 weeks. 

In contrast a similar experiment was made with young 
liarasters during the same period and on the same diets. All of 
the hamsters died, indicating a much greater sensitivity of 
this species to low calcium diets. 

At the end of 12 weeks, individuals were given supplements 
of bone meal or calcium carbonate or casein. Tliere was some 
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response in eacli case as indicated by tlie drinking of moi’e 
sucrose solution but tins was the most marked in the ease 
of those fed bone meal. Rats kept on the low calcium diet but 
ehang-ed from sugar solution to water responded at once by 
an increase in fluid consumption. 

These exj)loratory studies indicated further that the amount 
of 10% sugar solution di’unk by a rat represented a response 
fo the (juality of the diet. One of the factors indicated was 
calcium. 


Ilcs'ponsc id rahdwu, rltamms and casein 

Two years after the above observations were made at 
Bethesda, ^Maryland, this study was extended. External con- 
ditions wei'e more uniform since the rats were now kept in 
an air-conditioned laboratory. 

Two experiments were completed following the eai'lier 
metliod of diluting an adequate liasal diet with starch. In this 
case the basal diet consisted of the stock feed used in rearing 
our breeding colony. In a preliminary trial with growing rats 
3 jjarts of this liasal diet were mixed with 1 of corn starch. In 
paired feeding trials young rats grew as well upon this 
diluted diet as upon the stock diet itself. Furthermore, the 
consumption of 10% sugar solutions l)y rats upon both diets 
was the sam<>, indicating that rats sensed no deficiency in the 
basal diet. 

Earlier experience had indicated this stock diet could be 
diluted even further without any reflection in the develop- 
ment of growing rats provided the diet were mixed with 3 
parts of corn starch. Thus the protein was reduced to about 
7%. _ 

This mixture was used in 2 studies, 1 with adult rats 5 
months of age, and 1 with rats 5 weeks old. In each case rats 
were paired on the basis of sex and litter. One rat of each 
pair was fed the stock diet: the other was fed the diet diluted 
with 3 pai’ts of starch. Rats were caged individually and 
allowed all of the 10% sucrose solution they desired. The 
amount was measured daily using 100-ml graduated tubes. 
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hi eaek study before adding- supplements for test, a pre- 
limiiiarv perioil of 8 weeks for tlie adult rats and 4 for the 
vonug ones was allowed until the differences between the 
('Oil sumption of sugar solutions by the 2 groups became sig- 
iiilieant. 

After this, various supplements Avore added first singly, 
liimi ill pairs and finally in trios. These additions included 
water soluble vitamins, calcium gluconate, yeast, vitamin A, 
and casein. 

The res])ouse could be judged by comparing the volume of 
solution drnnk by the test animals and the controls. These 
sippilements are indicated in tables 4 and 5. 

'riie response of the older group to calcium in 3 different 
periods is evident (table 4). The consuniption of the sugar 
solution in each ease actually exceeded the control. In light 
of the recent findings (Kane and McCay, ’47) that a higher 
level of calcium is required to maintain a rat in calcium 
balance as it grows older, this result may be partly explained. 
None of the other substances tested gave a response like 
calcium. 

The results with the groAving rats (table 5) Avere similar in- 
asmuch as they responded to calcium but not when this Avas 
fill' sole addition. Neither calcium alone nor in combination 
Avith a Avater-soluble vitamin us riboflavin or a source of pro- 
feiii such as casein gaAm a response. HoAvever, AAdien the sup- 
plement consisted of calcium, Adtamin. A and yeast or casein, 
fhe consumjition of the sucrose solution exceeded the control. 

Thus the growing rat would seem to sense a combined de- 
ficiency of calcium, vitamin A and protein but not one Avith 
respect to the AAater-soluble vitamins contained in the yeast, 
rnasmncli as this study was not made Avith synthetic diets 
kuoAvu to be deficient in Avater-soluble vitamins, the only 
definite conclusion is that under these conditions the volume 
of sugar solution consumed may serve as a criterion of 
calcium deficiency and possibly of others such as protein. 

Recent exploratory studies indicate that old rats in the last 
Hard of life may lose their abilities to sense some common 
deficiencies that are readily sensed in the first third of life. 
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TABLE 4 

Consumption of su(/nr solution hy young adult rats. 


SUPPTjKMKNT 
PER HAY 


TIME PAIRS 
IN WJ5EKS NO. OP 


AVERAGE Mti DRUNK PEH RAT 
BY PERIODS 1 


Experim<‘ntal Control Signifi- 

g:rcntp group eaiieo 




Preliiiiinary period 





1 basal 
plus 

1 starch 

Basal 

A%ie 

9 

10 

04.1 ± 19.0 

59.1 ± 24.4 




•i basal 
plus 

1 .starch 

Basal 

None 

8 

9 

48.4 ± 19.7 

66.9 ± 20.5 



First supplementary period 


50 fig^ thiamine 

Oj 

3 

54.2 ± 18,4 

84.8 ± 25.4 

200 fig riboflavin 

3 

o 

33.7 ± 7.2 

67.4 ±: 12.5 

100 mg ealcium 

3 

2 

69.8 ± 28.3 

69.0 ± 21.0 

2.5 gm yeast 

3 

2 

38.1 ± 10.8 

63.5 ± 13.5 



Second .supplementary period 


1.7 gni casein 

5 

3 

54.2 ± 2S.6 

81.0 ± 30.6 

1.7 gm ca.sein 4* ] 
6 fig vitamin A ] 

t 

3 

58.7 ± 26.5 

83.4 ±: 9.5 

1.7 gm casein -f 

1 




6 fig vitamin A -f 
100 mg calcium 

f ' 

3 

75.4 ± 29.2 

60,7 ± 14.6 



Third supplementary period 


1.7 gm yeast 

5 

3 

49.9 ± 16.9 

80.3 ± 33.5 

1.7 gm yeast + | ^ 

r> fig vitamin A j 

3 

67.9 ± 16.4 

77.7 ± 7.8 

1.7 gm yea.st 4- 'j 

0 Mg vitamin A 4 i 

^ 5 

3 

94.1 ± 16.9 

62.3 rfc 8.8 


1 00 2 ii|X calcium 


^ Means dfc slandurd deviatioiis, 
® Slgnilicant at 1% level. 
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Ti\BLE 5 


Consumption of sugar solution Inj growing rats. 


sri‘?»TiT:is!i:NT 

TiME *NO. OF 

AVEllAOE MUDEUNK PISE KAT 
BY PEEIODS ^ 


J-J'Ji HAY 

IN WEEKS PATES 

Experinieiitul 

jrroup 

Control 

pcrnnp 

Sij-nifi. 

eancft 


Preliminary period 





:1- basal 
plus 
starch 

Ea.sal 

s 

\uU- 

4 ]0 

' 17.0 ± 8.1 

67.8 zb 30.0 



Pirst .supplementary period 



uo ftp llnnirhiic 
pp ribofinvhi 

1(10 enlehim 

2.0 gni vi^'ist 

5 3 

0 3 

5 2 

5 2 

18.5 ± 6.5 

17.5 ± 4.9 

22.4 ± 5.7 

23.8 ± 8.5 

75.6 ± 8.7 
70.3 ± 27.0 
100.2 ± 13.0 
98.8 ± 22.2 

2 

uO pp tlhaiii-hie + 1 

200 pg riboliavSn ) 

Second supplementary period 

4 3 18.4 ± 4.9 

79.3 ± 23.8 

2 

200 pp rilioilavin -{- ] 

.1 oo liijT J 

[ 4 3 

22.5 zt 6.5 

77.7 ±: 26.3 

2 

1.2 easein -f” 1 

lOO mg ealc’hnn J 

[ 3 2 

36.0 ± 17.2 

87.7 ±: 4.3 

2 

1.2 glH ea.‘=ehi + | „ 

00 pp ihiamiiio ) 

25.5 ± 8.3 

SS.7 rh 24.5 

2 


Third supplementary period 



! .2 gm ea.seiii 

o 3 

22.1 ± 11.9 

79.7 ± 26.2 

= 

1 .2 Um ea?te]H “f ] 

3 /ig vita mill A j 

1 

1 5 4 

30.0 ± 19.8 

85.6 ± 21.7 

2 

1 .2 gni ffi^'ehi + 

3 /ig vltaHuii A -j- 
Ijto mg ealdiiiii 

j” 5 3 86.7 ± 30.2 

Pourth .suppiementa ry period 

78.9 ±: 18.9 

0 

1 .2 gi)i veast 

5 3 

32.4 ± 6.4 

70.0 ±: 21,3 

2 

1 .2 gm veast -p } 

3 //g vitnnnn A J 

1 = . 

44.4 ± 12.4 

94.9 ± 16.2 

2 


1 .2 |2:in yeast -f 
"5 up; vita Hi hi A -f 
ealehiiii 


98.3 ± 29.9 


80.7 ± 14.9 


^ ± staiuiard deyiatiojis. 

^Slgnhieaiit at level. 
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SUMMARV 

Eais f«:*d an adequate stock diet drink about 12 ml of water 
or 24 ml of 10% sucrose solution per day per 100 gm of live 
weiglit. The water consumption of growing’ rats in relation 
to l-iody weight declines progressively as the rats mature, 
wlnlo the sugar solution drunk is relatively constant. 

No evidence has l)eon found that rats tire of a srrgar solu- 
tion. Diels ricli in sugar or starch produce no decrease in 
the drinking of sucrose solutions unless the high carbohydrate 
dilutes essential nutrients to a low level. 

When fed diets low in calcium rats refuse to consume cola 
beverage or sucrose solution except in amounts to provide 
water. Under such conditions the amount of sucrose solution 
drunk is lower than normal Avater consumption. 

Wlien an adequate stock diet AA^as diluted AAuth 3 parts of 
corn starch, the amount of sucrose solution consumed Avas 
observed to depend upon supplementing the diet Avith calcium 
in the ease of adult rats; in the case of groAving rats, a high 
level of sucrose solution Avas drunk only AA'hen the diet Avas 
supplemented Avith protein, Autarain A and calcium. 

An adult rat drinking daily 72 ml of sucrose solution ex- 
creted 43 ml of ni'ine in contrast to a rat di’inking* 40 ml of 
water and excreiing 15 ml of urine. 

Rats la<'tating hea\dly drank 69-71 ml of sucrose solution 
and 17-24 ml of Avater. 

Exploratory studies indicate that the rat’s ability to detect 
certain dietary <leficiencios may decrease Avith adA’ancing age. 
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PROTEIN ASSAY BY RAT GROWTH: 

A r(K\H’Ai:KSfJX OF (a) UTTEF MATES VS. RANDOMLY SELECTED MALES, 
AXD (r/) MfJDEEATB JtESTiaOTEOX OF FOOD INTAKE VS. 

AD lABITUAr FEEDING 

];oi:KJrr ,\. i[AliTE, TOTIN' J. T.RAVEKS AND PETER SARICTl 
Vtsitirrh I.ahoraiiirii Tin JrUnffioit Clnmlcai Canipat}ii, yo]tJ:rn\ N€^v Tori: 

ONK FTaiTPiF. 

(lietM'ivtMl for publit'atiori June 11 ], EH7 j 

Niuiiorons lahovatories liave adopted rat srowtli methods 
as means for an evahiation of proteins and protein liydro- 
lysates. Direct comparison of results among several labora- 
jori(*s sliows stinking ipialitative agreement; quantitative 
variations are encountered as direct sequelae of a host of 
variables. To name only a few these would include ration 
coniposition, animal strain, level of test feeding- and calorie 
inlake t)f animals. 

Studies of 1lie roles of stmie of these variables under lioino- 
geneons conditions liavc been reported from many lal)ora- 
tories. Mitcliell (’44) and Barnes et al. (’45) have recently 
compared ad lihiitim and paired feeding’ technics. Barnes 
and Itosshardt (’4(1) have demonstrated the effects of level 
of ]i!‘otein fed on rat growth and protein efficiency. Forbes 
el al. ( '46) .showed the consequences of variation of fat level 
in (he ration on rat growth. Vitamin supplement effects have 
been explored by Bosshardt et al. (’45), liarte and Travers 
( '47), Harris and Hove ( ’47) and others. Whether strepogenin 
plays a role in protein utilization has been explored by Woolley 
('45) and Womack and Rose (’46). f’ompreheiisive biblio- 
graphies are given by Block and jMitchell (’46- ’47) and 
Mitchell and Hamilton (’29). 

:!03 
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In the establishment of a standard method for evaluating a 
protein or protein hydrolyzate for pharraaeopoeial purposes, 
for example, certain requirements must be met. The technic 
decided upon must be relatively simple, yet reproducible; it 
should give uniform results in the hands of any laboratory 
group engaged in such work and must have good discrimina- 
tory capacity. For both control and enforcement purposes the 
test devised must not permit making too many errors of 
either the first or second kind ; namely, rejection of satisfactory 
preparations or acceptance of sub-standard prepai’ations. 

Tliis report deals with a survey of 2 characteristics of ex- 
perimental desig]i Avhich might be expected to play a role 
in the discriminatory capacity of such a test, namely, (1) the 
use of litter mates and (2) the restriction of dietary intake 
imposed by putting an npper limit on the amount of food 
offered. Data on roles played by these factors do not seem 
to he available in the literature. The imposition of an upper 
limit on amount of food offered has been successfully used 
ill protein regeneration studies conducted on the rat by 
Frazier et al. ( ’47). In the study reported in the present paper 
a total of 99 animals were observed when fed an identical 
casein ration and the data subjected to statistical analysis. 

EXPEEIMENTAL 

Table 1 shows the ration used in these experiments. This 
diet is estimated to provide 4.5 cal. per gm. Ten litters (6 rats 
each) and 50 randomly picked males ^ were caged separately 
ill an air-conditioned animal room (76°F.) and put on our 
basic casein ration. After 1 week 2 animals had died and 1 
had failed to gain more than 5 gm and was therefore discarded. 

At this time the remaining litter mates were divided into 5 
gronjus of 10 to which 3 and 2 represented matched units with 
respect to litter, sex and average weight (see table 2). 

^From Bot'klaiid Ffirnis. The cooperation of Harry Gr. Herrlein of Eoekland 
tariHR hi making thtbso litters aiitl the ramlonily selected inaJes available is 
greatly appreeiuted. 
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Tile surviving’ 49 randomly selected males were divided into 
4 groups of .10, and 1 of 9, adjusted only to give corresponding 
nverage weights. These groups were designated A', B', C', D', 
and E' and the 10 groux>s were maintained on the casein 
ralimi according to the schedule, grmips A, B, 0 and A', B', C' 


TABLE 1 

Composition of ration used. 


L:ird . ■ ■ 

. ... 00.0 gm 

Thiamine 

5 mg 

XmHs ^ 

40.0 gm 

RiboOaviii 


<hjd liver oil . 

20.0 gm 

Niacin . , 

. . . Id mg 

Wkerti gioTii oil . 

10.0 gm 

Calcium pantothenate . . . 

. .. 3:-! mg 

Chornic 

1.8 gm 

Pvridoxine 

G mg 


Oasoiii ^ to yield 1*6% nitrogen 
Stnrcli q.s. to make a total of 1 kg 


(Qmeml Bioeliemicals, Inc.) salt mixture was used. 
-Laheo Vitamiji Free casein (Borden) was used. 

TABLE 2 


Distrihution of groups. 



LlTTfAl MATES 


KANDOMEY SELEOTED MAX^ES 

Ornnp 

Distribution by sex 

Average 
l)o(iy weight 

Group 

Average 
body weif?ht 

A 

4c? 

fi5 

im 

7:1.2 ± 3.9 ^ 

M 

gni 

78.3 ± 2.2 

B 


6$ 

73.7 ± 1.7 

B' 

78.5 ± 3.4 

C 

4 cT 

0 5 

7:1.2 ± 1.7 

G' 

77.0 ± 2.7 

\} 

Gd' 

45 

75.0 ± 1.8 

D' 

72.1 ± 3.1 

F 

fic? 

45 

75.2 ± 3.2 


74.0 ± 2.4 


niidicntod limits represent standard error (s.e.) of the mean, where 

S.O. = ^ ’sein? 

\ n (n — 1 ^ 

individual values and 5c the group mean, n representing the number of individuals, 
lids convention is employed in all following tables, where relevant. 

being restricted to not more than 10 gm of ration daily; 
groups D, E, and I)', E' were fed ad libihon. Water consump- 
tion was not restricted for either group. Food intakes were 
measured and spillage was collected daily. The animals were 
weighed weekly. 
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RESULTS 

During the first Aveek. 2 rats died. Tlie deaths occurred in the 
litt(H' gi’oupg C and E and Avere of animals that had gained 9 
and 1(1 grn, respectively, during the pre-conditioning period. 
During this first Aveok, too, 3 animals gained less than !5 gm, 
allliougli they had respectively gained S, 22 and 25 gm pre- 
Ad(»u.sly. One additional fatality occurred in group B' during 
(he third aaocIc of the test period. 

At the end of 4 Aveeks the AA’eiglit gains AA'ere scored and 
analyzed. The results Avil! he considered, first, for those 
animals restricted to 10 gni of ration daily. Table 3 gives the 
Aveight gains, and protein efficiencies, together AAuth their 


TABLE r, 

lVf)gld gains and //rofpi?? effieicnrks of groop.s irltli rt stncfrd food infal't. 


anoi r 

n 

WKIDTIT 

PKOTKI K liFFI Cl E NCY 

REMAItK.^i 

A 

10 

ipil 

OOJ) 2.0 

2.?;0 -f- 0.08 



10 

02.2 It 1.4 

± n.on 

Litter 

{ < 

0 

r>;j.H ± 1.: 

2.37 ±: 0.00 

Groups 

A' 

10 

Odj.o 2: 2.8 

2.42 ± 0.08 

Groups of 

yd 

0 

02.1 ± 1 .8 

2.40 ± 0,06 

raiiclouily 

c:' 

ID 

02.0 2: 2.1 

2.38 ± 0.07 

selocted lunles 


standard errors. From this table it is eA’ident that there is no 
significant diffoi'onee between any 2 of the 6 groups, Avhence 
there appears to be no adA’antage in using litter mates as 
compared to randomly chosen males. 

.Since 1 of the litter mates in group C had died during the 
first AA^oek, the data for its siblings AA’ere segregated from the 
other 2 groups and an analysis of A’ariance carried out Ijy 
.«laiidard methods as de.^icribed by Fisher (’41) and Snedecor 
( '4(>). This analysis shoAvedno reduction in mean sfpuii'e A'alue 
among litter mates. 

The data coming from tlie gron])s fed (id lihilifin (table 4) 
shoAvcd strikingly ditlereiit results. The mean gains AA-erc 
soniCAA'liat grealer and more irregular, with the coiu'omitanl 
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ocinirreiK'e of much gi-eater standard errors. Protein effi- 
eieneic^K were not very different for botli random males groups, 
tint the values for the litter mates groups do not agi-ee well. 

Wlum the weight data for the sibling’ of the rat in group E 
which (lied Avere discarded from group D and an analysis of 
variance (‘urried out, the difference between litter mates is, 
surprisingly, statistically signiticanl, with an associated 
proiiaiiilil.v of about 0.03. Similar examination of the cor- 
responding ju’otein efficiency data also reveals a significant 
sialisiical diffiu-ence, Avith an associated ])robability of about 
iPd. 

TABLE 4 

aufl protein ejfiHvncAcfi of (/roups* feci ad Ubitivm. 


tppdj' 

11 

WblOHT GAIN 

PffOTKTN KFFTflHNrV 


]> 

Jd 

f/m 

69.7 ± 4.3 

2.18 ± U.OS 

Litter niatps 

v. 


S2.:i ±: 4.7 

2.4.5 ± 0.06 

Groiip.s 

U' 

in 

Sl.fi It 7.4 

2.44 ± 0,10 

Groitps of 
rtniclonily 

]’/ 


75.1 zt 2.3 

2.36 ± 0.06 

molos 


Of some inlerost, too, is tbe fact that the spillage aAmrage 
for the 58 rats AA’hose rations Avere restricted Avas only 8.8 gm 
during the 28-day period, while the 38 animals fed ad Ubiivm 
u]>i>arently lacked the incenth’e of restriction to acquire nea ter 
ealiiig' habits and shoAved an aA’erage spillage of 39.5 ,gm. 

At tin* (‘ud of 0 AA’ceks on these rations the data AA’ere ag'ain. 
analyzed; the relative imsults Avert* entirely tincliang’ed and 
1 liorefoi'i* art* not reiiortetl in detail. 

UISCUSSION 

Since Hit* basic experimental design was soeh as to exclude 
the existence of any differences betAAmen rations the statistical 
conelusitins apply to situations apt to he encountered more- 
or-less rarely in assays where no true differences exist be- 
tAveen ratioTis being compared. We feel that these data sug- 
gest that the added refinement of the litter mate technic offers 
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no advantage under conditions where randomly grouped males 
from single shipments of not less than 50 animals from a 
reasonably homogeneous source of supply are used. 

The sole advantage which might be expected to accrue 
from the use of litter mates when differing rations are under- 
going comitarison is greater lioniogeneity of the variance in 
groups so selected. Examination of the data in table 3 makes 
the application of the appropriate statistical test (Snedecor, 
’40) superfluous. It is obvious that the variances for groups 
A, B, and C and for groups A', B' and O' are equal and equally 
homogeneous. 

On the other hand, the data in table 4 suggest tliat the 
A-avianees associated witli the growth, responses in the 2 
groups of i.‘aridomly selected males may not be homogeneous; 
application of Bartlett’s test gives a value for chi squared 
which just borders on conventional statistical significance. 

In expei'iments such as those reported here one might pos- 
tulate that if siblings of the same sex have gi’eater similarity 
of growth potential than randomly chosen animals, then the 
variance within litters ought to be less than the variance 
between litters. Not only is this expectation not realized, but 
with the ad libihim fed animals the contrary result definitely 
emerges. Within the framework of these data the postulate 
is not supported and doubt is cast on the premise from which 
it arises. Of coui’se these conclusions rest on data yielded hy 
only 45 animals and definitive affirmation of the thesis must 
await experimentation on a larger scale. 

The pitfalls in experiments of this sort are wmll exemplified 
by the results obtained with groups D and E. Unless one had 
a priori reasons to expect no difference, such a result would 
pass unchallenged in a routine test and the ration fed the 
animals in group D Avould be adjudged inferior whether the 
data were merely (jompared in a rough fashion or subjected to 
scrupulous statistical analysis. 

There seems, however, to be little question that material 
improvement in precision results from the moderate degree 
of food intake restriction imposed in part of this experiment. 
For the whole experiment, the effect of restriction was to 
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dlmiiiisli by almost 20% the food eoiisxmiption fi’om the ad 
lihiUim level. 

It is most important to reduce the experimental variance 
us nmcli as possible to help avoid making the errors, first, of 
l■(■]^ol'ling diiferenees where none exist, and second, of failing 
In r(‘«'()gnizo differences which do exist. For example, previous 
cx)icrinicnts have suggested that randomly chosen males fed 
10',;. cas(‘iii ad lihiium in somewhat similar rations gain on the 
uvrn'age 80 gni in a 30-day period, with a variance, for a 
siiigb^ animal, of 400 gm.” (The pooled variance for groups 
D' and E' is 316 gm.^-, the pooled mean, 78.5 gm.) When 
f iicsc were assnmed to he the true parameters of the perform- 
ance of casein it was possible to calculate for all experimental 
lu'eparations whose true mean gain values ranged from 50 to 
100 ,gm with constant variance (400 gm the probability of 
making false decisions on a 90% criterion ; i.e., preparations 
wliose performance is poorer than 90% of the performance of 
casein are to be rejected. 

When these estimations were made it appeared that a false 
decision would be made on the average 3 times in every 15 
assays of products whose true values were in the range from 
60- -120% of a standard; fiirther, 2 of these false decisions 
would involve acceptance of preparations poorer than 90% 
of casein while 1 ’would involve rejection of a preparation 
better than 90% of casein.^ 

With temporary acceptance of the parameters established 
by this study for animals fed casein on restricted intake (mean 
gain — 62 gm, variance = 40 gih^), the situation with respect 
to the probability of false decisions is substantially improved. 
Under these circumstances the likelihood of false decision is 
reduced to 1 in about 16 assays (with respect to the same 
range of products), and of every 12 false decisions 5 will be 
false rejections and 7 false acceptances, the 90% criterion 
licing retained. The calculations are summarized in figure 1. 

M>r. Wijjiain ,T. Yoaden lias been kind enough to review our caleiilations and 
tTudinii these Htateinents. His friendly interest is gratefully acknowledged. 
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TIig Itoielit.s tlins accruing for assay purposes are substantial 
and may outweigh tlie ]>hysio]ogical objections that moderate 
dietary resti'ictiou might justify. 

However, the.se are purely matlieinatical c'on.sidei’ations, 
]tessijni.sti(* to the extent tliat they do not take hito account 
the correltitioi! which exists between the growth responses of 
stjuidard and test ni.aterial subjected to parallel replication. 



Pig. 1 Probability of iifccjitaiice and rejection of expcriinontal pre]j.aratioii.s 
referred to a 90% of Kfcmdiird eriterioii. A — ad libilnm fed aiihuals (n = 10; 
assumed parameters ~ M = 80 gm, <r“ = 400 pip. B— Aiiiimils fed with 
moderate restriction (n = 10; a.ssumed parameters — M = 02 gm, a'‘ — iO gm”). 
Cross hatebed areas represent regions of false decision. 

Before a final decision can he reached it will be necessary to 
explore more fully the physiological aspects of the restrictive 
technic. Kx{)eriinents with this in view are in progress. 

SUMMABY 

1. Groups of !) or 10 randomly chosen male albino weanling . 
rats, selected from groups of 50 or more, give mean growth 
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jx*s] toii.se (iuid varimiee) of precisely tlie same order of mag- 
iiiuide ns gronp.s from the same stock wliieli are paired with 
res])eet to sex and litter. 

2. Preconditioning of the experimental population liy 
lei'ding for 1 Aveek on a 10% casein ration otters some im- 
provement Imt does not entirely eliminate fatalities or irreg- 
ular jterformance during subsequent weeks on test. 

Partial restriction of food intake (to not more than 
10 gin daily) reduces the mean groAvth response ormr 28 days 
< 0 ! UK'f. casein ratioms by approximately 20% from the mean 
growth of ad lihHwn fed animals. 

4-. The variance for resti’icted fed animals is only about 
nne-i‘iglith to one-tenth that observed for ad lihitum fed 
animals. 

5. The reduction of variance otters approximately 3.5-fold 
imjirovement in the discriminatory capacity of an assay tost 
set-n]i on a 90% criterion. 

f!. The physiological implications of the partial food re- 
.striction technic remain to be elucidated. 
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TIIK (.'OMPARATIVE BIOLOGICAL AVAILABILITIES 
OV I’KRBOUS SULFATE IRON AND FEERIO 
ORTHOPHOSPHATE IRON IN 
ENRICHED BREAD ^ 


irAKOU.) BLUMBERG AND AAT50N ARNOLF) 
till Jtcscarch Inslltatc, Jii nsftilarr. A^'ir Tori; 

THREE PiaCKES 

(Efveived for piiblieation May 17, 1047) 


A<_'ci>rdiiig to tlic flour and bread enriclimout program, as 
developed by federal and state agencies, tbo required iron 
sliould be added to tbe flour only in forms wliicli are barmless 
and assimilable (Fed. Reg., ’41). Primary consideration has 
naturally been given to the selection of iron pi-epai‘ations 
wbieli exei't no deleterious action upon the flour or bread. 
'I'liis T.edmieal requirement has somewhat obscured tbe basic 
uutrilioiiai motive for enidchment in that the degree of bio- 
logical availability of the added iron has not been thoroughly 
consider(;d. As has been pointed out by the Council on Foods 
and Nutrition of the x4merican Medical Association (’41), 
obviously there is no nutritional advantage in adding an iron 
(iompoimd if this iron is not satisfactorily available to the 
body. Toboy and Cat heart (’41) pointed out that little in- 
formation had been reported on the assimilability of iron 
compounds that were already in use for enrichment of flour. 

Several forms of iron have been of practical interest for 
enriclnuent. The initial report on ferric phytate gave a some- 
what favorable impression (Andrews, Evans and Hnbcr, ’41), 

' I’rcsi-utfd ill piirt bffori! tlie .Anierienii Institute of Nutritinn, Chicago, May 31, 
1!M7 f'BliiiiiUevg. U., aiKl A. Anmlfl, ’47, Fed. Rroc-., 0: J03). 
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but ill tfubKequent rat tests (Nakamura and Mitcliell, ’43) and 
Imiiian studies (Moore, Miiniich and Dubacb, ’43) it was found 
to be a comparatively poor source of iron. Little or no ferric 
phytatc is now being used for flour enricbment. Sodium iron 
(ferric) ijyropliosiibate (Fe 4 (P;i 07 );i • 2Na4P20r ■ GILO) was 
at first reported to be well utilized (Nakamura and Mitcliell, 
’43), but, in later investigations it was reported to have low 
availability (Street, ’43; Preemau and Burrill, ’45; Blumberg- 
and Arnold, ’47). E.vcept for special products, sodium iron 
pyrophosphate is no longer being used to a great extent for 
enrichment of flour and bread. Reduced iron has been found 
to be highly available in rat investigations (Nakamura and 
Alitchell, ’43 ; Freeman and Burrill, ’45 ; Blumberg and Arnold, 
’47), as well as efficacious in clinical therapy (Fowder and 
Barer, ’39). E, educed iron is now widely used in the mill en- 
richment of flour, as well as in other dietary products, such 
as infant foods and yeast. 

Ferric orthophosphate has been the form of iron generally 
used when enrichment has been effected at the bakery. Bay 
and Stein ( ’38) found ferric orthophosphate to be much less 
effective than ferric chloride for hemoglobin formation in 
rats. In their clinical studies on i]'on absorption, Moore and 
coworkers (’39) reported that the relatively insoluble ferric 
orthophosphate, as well as ferrous phosphate, was very poorly 
absorbed as compared with ferrous sulfate. In a single ex- 
periment on rats, Freeman and Burrill ( ’45) ranked ferric 
orthophosphate as only slightly less effective than the highly 
available ferric chloride. However, in 2 single-level experi- 
ments conducted as part of a comparative survey of iron 
source.s, Blumberg and Arnold (’47) observed ferric ortho- 
phosphate to be less than one-half as effective as ferrous 
sulfate when the compounds were fed in enriched breads. 

Ferrous sulfate is wmll known both experimentally and 
clinically as one of the most highly available forms of iron 
(Goodman and Gilman, ’41). Receiitly ferrous sidfate has 
become of interest for bread enrichment. 
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111 view of llie lar.nii extent to wiiicli eni'ieliineut of tlie 
lint ion’s bread is conducted at tlie bakeiy, it was considered 
desiralile to olitain a better (quantitative coinqjarisoii of tlie 
relative biological availabilities of ferrous sulfate and ferric 
oiiliophosjibate liy testing eacli form of iron at several levels, 
'j'be eoinpounds were fed in tlie form of enriched breads con- 
(aining the different iron sources, so that tlie iron would be 
tested in the same form as used for liuinan consumqition. A 
secondary coiniiarison with fei’ric cliloride was also made 
because some investigators have used the latter coinijound 
rather than ferrous sulfate as a standard of high biological 
avaiiabilily. 

EXPERIMENTAL A1 ETJTODS 

Diets 

The diet employed in these exiperinients ivas similar to that 
previously used (Bluniberg and Arnold, ’47) ; the comqiosition 
is given in table 1. Casein was included in the diet as a supple- 
ment to the inadeiquate jjrotein of the bread, so as to provide 
sutlicient protein for optimal liemoglobin regenei’ation. Low- 
iron casein, containing apiiroximately 15 gg of iron per gm, 
was qircqjared in the laboratory from skimmed milk. The 
low-iron salt mixture was prejiared by modifying U.S.P. XI 
Halt Mixture no. 2 in the following manner. The ferric citrate 
was omitted, of course. Hiuce the bread suqijilied sodium 
chloride, this also was omitted from the mixture and the 
amount of salt mixture used was reduced from tlie usual 4% 
of tlie diet to ?//o. Furthermore, qiotassium biphosphate w'as 
snhslituted for sodium phosjihate. 

Four lots of bread were baked from the same lot of flour 
with special enrichment mixes that supplied the usual amounts 
of thiamine, riboflavin, and niacin, but varied with respect to 
iron. One lot of bread was for the negative control and con- 
1 allied no added iron. The other 3 lots were enriched to pro- 
vide approximately the following quantities of iron: (1) 131 
Mig‘/gui, as ferric oi’thoqihosqihate ; (2) 42 qg/gm, as ferrous 
.sulfat((: and (3) 21 gg/gm, as ferric chloride. The ferric 
orthopliosjihate was from a batch actually used for commercial 
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(‘iirk'liiiieiil ; the exsjiccated ferrous sulfate was IT.S.P. grade, 
and the fcu'ric chloride was C,P. grade. 

Tlio breads were air-dried at .37°0. to a moisture content of 
approximately 4% ami weiu tlien ground for use in the diets. 
Iron analyses of the breads were made by a thiocyanate pro- 
cedure (Eelvcrt and Aneihncli, ’44). The iron content of the 
negative control bi'ead was found to bo about 12 (ig/gm. The 
acliial analyses indicat(‘d that tin; supplemented breads had 
slightly more than the iulended additional iron contents, as 
follows; fiu-ih- ortho))hos])hnt(' l.‘S2 pg/gm, ferrous sulfate 

T.uii.n 1 

Citiiiposititm of dirt. 


2tASAI. MrXTlTJlK .SPI'l'EHArKN'TS PKR 100 G.M BASAlj MIXTUItli ^ 


% Wff 

I:hTad (druMl) 82 Tliitmihie hydroelilOTido 1 

Ctiwin (low-irnn) 12 RiLoflaviii 2 

Hult mixture (low-iren ) 3 Pyridoxim? liydrocliioride .... 1 

Corn cdl 3 Cnieinm paiitotlieiuitc 4 

NiHriiiain'ule (nipotiiifinudo) . . 2 

Oholiiie pliloride 100 

luovsitol 100 

Copper (iiH OITSO^ . 511,0) ... 3 

Mtnig’tniese (as Mn804 • TLO) . P5 


^ Kiidi rat. by Hfoiiiaeb tnho ti weekly f fit-soluble vitamin supplement 

equivalent to 2(MH) U.S.P, imibs of vitamin A, 400 IJ.Fi.P, units of eakuferol (vita- 
min P.,), and 10 lUjtp of .aljilui-tecyplierol. 


43 Mg/'gni, ntid ferric cliloi’ide 26 Mg/gm. By .suitable dilution 
with the negative control bread, the iron-enriched breads were 
made into the series of test bread mixtures shown in table 2. 
The 4 levels of ferric oidhophosphate ii'on iucrea.sed in geo- 
metric progre.ssion by multiples of 2.5, as folloxvs : 8.4, 21.0, 
52.5, and 131.2 ug/gm of bread, or 6.9, 17.2, 43.1, and 107.6 
pg/gm of diet. The 4 levels of ferrous sulfate iron increased 
by multiples of 2, as follows: 5.25, 10.5, 21.0, and 42.0 pg/gm 
of bread, or 4.3, 8.6, 17.2, and 34.4 pg/gm of diet. The 2 levels 
of added ferric chloride iron were made the same as the inter- 
mediate levels of ferrous sulfate, i.e., 10.5 and 21.0 pg/gm of 
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lin-iul or 8.() and 17.2 Mg’/S'iii of diet, in order to permit eoni- 
jiarison of tliesc 2 liigldy available iron preparations. 

Tlui iron contents of the varions diets are given in table 2. 
Tlie extraneous, non-bread iron in the diets was only about 
2 (ig/giu. Diet 12 was prepared by addition of foj'rous sulfate 
to ilie negative control diet 1 at a level of 244 ng of iron per 
gin of bread, or 200 gg/gni of diet. This provided a positive 
control to demonstrate the maximum rate of hemoglobin re- 
generation ])erniitted by the basal diet in the presence of an 
amount of availalile iron known to be well within the optimal 
range. 

TABIjB 2 


Iron contents of breads and diets. 



BKEAIl 


NO. 

IRON 

IRON 

ib-nn 

(.'nm]»ouiiA added 

Iren added 

KATS 

OF BREAD 

OF DIET 





fia/ifni 


1 

None* (negative control) 


9 

12.0 

31.9 

k-> 

.Ferric orthophosphate 

S.4 

8 

20.4 

18.8 

s 

.Ferric orthophosphate 

23.0 

8 

33.0 

29.2 

4 

,Fe r r i (t or th 0]ih o sph a t e 

i)2.5 

9 

04.5 

54,0 

a 

■f*Vrr ic ortlioplum] >ha te 

331.2 

10 

143.0 

118.0 

t; 

Fernnis sulfate 

5.2n 

9 

17.2 

1{).2 

7 

Fernubs sulfate 

10.5 

9 

OO 

20.5 

s 

FtU'rnuK sulfate 

21.0 

10 

33.0 

20.2 


F«*rr(ms sulfate 

42.0 

9 

54.0 

45,0 


Ferrie elilciride 

30.5 

9 


20,5 

n 

Fers'ie ehloride 

21.0 

10 

33.0 

29.2 


Ferrous sulfate 
t|»osjt.ive eoiitrol) 

244.0 

7 

250.0 

212.0 


Aniwal e-rpcrimentatiori 

Albino rats of the Sherman strain -were prepared for iron- 
deficiency studies by special feeding precautions generally 
similar to those described by Elvehjem and Kenmierer ( ’31 ) . 
At about 25 days of age the weanling rat.s wmre removed to 
individual galvanized cages in whicli there was no exposed 
iron or rust. Anemia wms induced by feeding cm-tified cow’s 
milk supplemented with cupric sulfate and manganous sul- 
fate equivalent to 1.8 mg of copper and 1.4 mg of manganese 
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per litor. After the rain laid been on tJio iron-depletion diet 
for 35 days, lienio,t>-lol)in determinations wore made on tail 
blood by llie alkaline bematin method, as adapted for the 
Kie<t-8ninnierson colorimeter. Except for 12 somewhat re- 
sistant animals, the rats wei'c; found to be sufficiently anemic 
for test purposes, i.e., the hemogiobin values were 2.5-5 gm, 
loo ml, with an average of about 3.!) gm/lOO ml. 

The animals wei'c divided into gi'oups of 10 rats oacli, ex- 
cept. for the positive control grouji 12, which had only 7 rats. 
Weight and se.v dislrilmtions were similar in the various 
groups. Occasional mortality during tlie experiment reduced 
the numbers slightly, so that the final test groups contained 
S~10 rats each, as showm in table 2. The experimental diets 
were then fed for 4 weeks, hernogiobin determinations and 
weighings being made at tlie end of each week. Groups 1, 2, 
3, and 6, which were regenerating hemoglobin at slow rates, 
were continued on experiment for as long as 9 weeks for de- 
termination of the length of time required to reach a hemo- 
globin value of 10 gm,TOO ml, i.e., close to the begiuning of the 
normal range. 

EESULTS 

Fcrraitfi sulfate and ferric nrilinplinspliate 

The general nature of the ri'sults of the comparison belween 
ferrous snlfate and ferric orthophos|)lialc is sliown by the 
hemoglobin curves in figure 1. The rats fed the negative 
control di{‘t and tbe 2 lower levels of ferric orthophosphate 
had not shown any increase in their liemoglol)in concentration 
values by tlie end ol’ the first week. However, since the values 
dill increase during subsequent Avueks, the readings at 1 w’oek 
did not appeal' to offer a suitable basis for a valid eomparisou. 
On the ot1u*r hand, some of the aniTiials in the faster regim- 
erating groups had already reached the normal range of liemo- 
glol)in value.s by the end of the second week. Consequently, 
fhe interpolated value for 1.5 weeks appeared to be the most 
sensitive ])oint for eomjiarison. When some later point on the 
curve is used, the quantitative su])oriori1y of Ihe more liighly 
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available foniis may not be so marked or indeed may no longer 
he (‘valent. Willi minor exceptions, tbe general trend of tlie 
r<!hults at 1.0 weeks is confirmed by the curves for other poiiit.s 
daring tlie lest. The marked quantitative superiority of fer- 
rous sulfate iron over ferric orthophosphate iron is readily 
apparenl at Ihe various levels of enrichment. 




ADDED IRON INTAKE -IN jjG/GM WEIGHT GAIN 

Pigure 2 


Fig. 1 Hoiiioglobin rcgenortition curves of anemic rats fed the indicated levels 

of ferrous sulfate iron ( ) or ferric orthojpliospliate iron ( ), as supplied 

Ity enriched bread. Negative and positive control curves are also shown. All points 
wer<‘ corrected to an initial hemoglobin value of 4.0 gm/100 nil of blood. 

Fig. 2 .Dosage response curves at 1.5 weeks and at 4 weeks of anemic rats fed 
f«‘rroiiH s!i]fat(> iron or ferric orthophosphate iron, as supplied liy enriched bread, 
’rin* ferric cliloride points are shown by the circled dots. 


n’lif' initial hemoglobin values, as listed in table 3, show 
fliat the various test groups were at approx'imately the same 
degree of anemia at the start of the experiment. The menu 
heinoglohin gains and iron intakes after 1.5 weeks and 4 weeks 
are also given in table 3. These data were used to arrive at a 
definite figure for the comparative availability of ferrous 
sulfate and ferric orthophosphate in the following way. The 
total liemoglohin gains were corrected for the hemoglobin 
gain of the uegativo control (group 1), and the total iron in- 
take's were corrected for the iron intake due to the diet itself 
without added iron (11.9 pg/gm). This permitted calculation 
of lieniogbdiin gain per pg of added ii’on intake. The added 
iron intakes were also corrected for the minor ditforeneos in 
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Ferrous sulfate 

(positive control) ^44.0 7 84 45 101 8.7 11.1 1843 -352 3,30 9.23 ± 0.75 11.53 
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the iivovago ivoijilit gains ol' tlto gioiips, altlioiigii sueli coriR'c- 
tioii (lid not modify the final conclusions. This permitted 
Ciii(‘nlution ofliemoKlobin gain per ng of added iron intake per 
"lii of weight gain. The resultant dosage response values, 
Hlnsf rated graphically in figure 2, ivere then compared statis- 
ticiilly by the method of Waddell and Kennedy ( ’47). 

At !.•')' weeks ferric orthophosphate iron was 19.6 (± 2.4)% 
{iiietin -!- B.K) as tividlable as ferrous sulfate ir'on if the 
lowest ferric ortbo]tbosphate value (group 2) is omitted from 
the ealciihition. This may be done on the grounds that tlie 
latter point appears to be beloiv the sensitive portion of the 
dosage response curve. Howevei-, comparison of the 2 iron 
sources without omitting the group 2 value does not change 
the result markedly, though the standard error does not give 
‘^o ti-ue a picture of the agreement of the data. Oalculatod to 
include all points at 1.5 weeks, ferric orthophosphate iron was 
21.2 (± 6.8)% as available as ferrous sulfate iron. 

At 4 weeks feri-ic orthophosphate iron was 25.2 (rfc 2.0)% 
as available as ferrous sulfate iron. As indicated previously, 
tin- latter time does not really give a valid comparison, but it 
1ms been included to demonstrate the marked differences in 
availahilily which exist even at this less sensitive point. 

Tlie excellent agreement between the gronpjs fed differing 
aimnints of the same added iron source is demonstrated in 
ligiire 2. Aside from the 1.5-week valne for gronij 2, as noted 
above, tlie points fall very nearly on straight lines. 

The statistical significance of the differences between tlio 
individual groups was determined by calculation of the stand- 
ard error of the difference betiveen the mean hemoglobin gains 
Itotli at 1.5 weeks and at 4 weeks, comparisons being made for 
all groups. A relatively high criterion of significance was 
ado])ted by basing conclusions only on P values of 0.01 or less 
( i.('., probability of the difference being fortnitons equals 1 in 
100, or less). The I’esults of this analysis showed that the 
]ireviously mentioned differences in mean hemoglobin gains 
between tlie ferric ortliopbosphate and ferrous sulfate groups 
were bigbly significant. For instance, at 1.5 weeks group 7 
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(FeSO.i iron 30.5 |ig'/g'm) was significautly soiierior (P — 
0.005) to group 5 (PoPO^ iron 21 ug/giu), and was not signifi- 
cantly different (P — 0.3) from gioup 4 (FePO., iron 52.5 
tig/giii)- Likewise, group 9 (B'’eSO., iron 42 gg/gm) was greatly 
superior (P= < 0.001) to group 4 (FePOj iron 52.5 ug/gm), 
.‘dtliongli not significant^ superior (P = 0.09) to group 5 
(IfePO, iron 131.2 (jg/gm). Tlie results of the analysis at 4 
weeks were almost as significant. 


TAB OB 4 


.F(it( fi of Ja mtuflobln rvgfneralloii, Ijascd ivpon day.^ required to reach hemoglohJn 
value, of 10 gm per 100 ml. 


UlOUI 

CniiipouiHl juldrd 

Ir<Mi added 

T).\VS 

ijATJs OP HiatoaLor.r 
RI3GEiSrTSR.VnON 

AS rEnOENTAOE 
OP OPTIMUM 

1 

None (negative control) 

fltf/ffUl 

Oll.O 

0 


Ferric ortliopliosxDhatc 

S.4 

47.4 

3 

l> 

Ferric ortliophosx>liate 

21.0 

37.8 

0 

4 

Ferric ortliopliospliato 

52.5 

20.5 

IS 

5 

Ferric ortliopliospliato 

181.2 

10,7 

42 

a 

Ferrons sulfate 

o.2o 

28.7 

11 

7 

Ferrous sulfate 

10.5 

18.0 

21 

8 

Ferrous sulfate 

21.0 

12.4 

80 

1> 

Ferrous sulfate 

42.1) 

0,8 

47 

V) 

Ferric chloride 

10.5 

20.1 

30 

11 

Ferric chloride 

21.0 

18.8 

38 

12 

Ferrous sulfate 
(Xiositive control) 

244.0 

5.4 

100 


The results were also calculated in terms of the numher 
of days required to reach an average hemoglobin value of 10 
gm/'lOO ml, which is close to the iioi-mal range (see table 4). 
The various groups were then rated for percentage of optimal 
hemoglobin regeneration by comparison with the positive con- 
trol, group 12, which contained a known excess of ferrous 
sulfate. A correction was made for the hemoglobin regenera- 
tion contributed by’ the iron present in the diet without iron 
(mrichment (group 3, negative (‘ontrol bread). Ry ibis method 
oT calculation, also, it was demonstratt'd that the ferrous sul- 
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(FeSO., iron 10.5 Mg/gm) was significantly superior (P = 
0.005) to group 0 (FcPOj iron 21 |.ig/gM)j and was not signifi- 
cantly different (P — 0.3) from group 4 (PePOt iron 52.5 
Hg/gm). Likewise, group 9 (PeSOt iron 42 gg/gm) was greatly 
sui)erif)r (P — < 0.001) to group 4 (PeP 04 iron 52.5 gg/gin), 
altljough not significantly superior (P = 0.09) to group 5 
(PePOi iron 131.2 gg/gm). The results of the analysis at 4 
weeks were almost as significant. 


TABLE 4 


h'ati s Iff liK niot/lobin rr(/€nrmifo?i^ l)(m'd upon rlapft refinlrcd io reach Jicmoplohin 
mine of to gm per 100 nth 


;koi;p 



OAVS 

UATI3 OP HEMOOIiOBTN 
KBUENURATION 

Ouinihiund a<l(iod 

Jrnii added 

AS PIUICENTAOE 

OP OPTIMUM 

1 

None (iiej^ativo control) 


(uhO 

0 

»» 

Ferric ortliopiiospha te 

SA 

47.4 

o 

O 


Ferric ortlioplioapliate 

21.0 

OT.S 

6 

4 

Ferric ortlioplioapluite 

n2.r> 

20.5 

18 

5 

Ferric ortlioyiho.spluitc 

VM.2 

10.7 

42 

iy 

Ferrous siilfute 

0.25 

28.7 

11 

7 

Ferrous sulfate 

10.5 

1S.9 

21 

S 

Ferrous sulfate 

21.0 

12.4 

m 


Ferrous sulfate 

42,0 

9.8 

47 

10 

Ferric chloride 

1 0.5 

20.1 

19 

u 

Ferric cdiloridt' 

21 .0 

LH.Il 



Ferrous sulfate 
(positive control ) 

244.0 

5.4 

100 


The results were also calculated in terms of the number 
of days required to reach an average hemoglobin value of 10 
gm/100 ml, wliich is close to the normal range (see table 4). 
The various groups were then rated for percentage of optimal 
hemoglobin regeneration by comparison with the positive con- 
trol, group 12, which contained a known excess of ferrous 
sulfate. A correction was made for the hemoglobin regenera- 
tion contributed by the ii-on present hi the diet without iron 
enrichment (group 1, negative control bread). By this method 
of calculation, also, it was demonstrated that the ferrous sul- 
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fate iron was approximately 4 to G times as effccfivo as ferric 
ortliopliosphate iron. Statistical treatment of these data by 
tlie previously mentioned procedure (Waddell and Kennedy, 
’47) slmwed ferric ortliopliospluite iron to lie 17.2 (±; G.2)% 
as available as ferrous sulfate iron. This is in g-enoral ai>’ree- 
meut with tlie compaiason based on bemogiobin regeneration 
at 1.5 weeks. 

As shown in tal)le 3, all of the groups of rats grew well. 
The weight gains of the various groujjs differed little and thus 
were in marked contrast to the wide variations in hemogiobiu 
regeneration. Likewise, the differences iu food consumption 
were small, corresponding generally to the small differences 
in weight gains, and could not account for the large differences 
in hemoglobin regeneratioii. In addition, several ferrous sul- 
fate rats were pair-fed with ferric orthophosphate rats to 
maintain the same individual food consumption. The ferrous 
sulfate animals again proved much superior in hemogiobiu 
regeneration. A comparison of iron intakes and hemoglobin 
gains ( see table 3) emphasizes the superiority of the biological 
availability of ferrous sulfate iron over that of ferric ortlio- 
phosplnite iron. 


Ferrous sulfate and ferric chloride 
The comparison of ferrous .sulfate and ferric chloride at 2 
levels showed those forms of iron to be equally effective for 
regeneration of hemoglobin. The curves for the 2 compounds 
are xiractieally siqierimxjosable, as may be seen in figure 3. 
Further evidence of similaiity is pi'esented by the hemoglobin 
gains in table 3 and the hemoglobin regeneration rates in table 
4. Clalculations wore made for the standard error of the dif- 
ference between the moan hemoglobin gains. The analysis at 
1.5 weeks shoived that there was no signilicant dUference 
{P = 0.56) between grouj) 7 (PeSO.i iron 10.5 [ig/gm) and 
group 10 (FeOL, iron 10.5 u.g/gM)- Similarly, there was no 
signilicant difference (P — 0.32) between grouxi 8 (PeSOi iron 
21 (ig/'gm) and group 11 (PeCl,.,, iron 21 |ig/gm). The analysis 
at 4 weeks likewise demonstrated that there was no significant 
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differonce bolwoen tbe ferrous siilfatc and ferric cMoride 
valnes. Tbe Iiigbly available ferric chloride iron, like that of 
fc'rrons snlfate, was 4 to 5 times as effective as ferric ortho- 
Xihospliate iron (see fig. 2). This study indicated that results 
based on 1‘ei'ric chloride standards should be directly com- 
jiarable with those based on ferrous sulfate standards. 



Pig. 3 Homogltibiii regeiienttioii curves of aueinie rats fed similar levels of 

ferrous sulfate iron ( ) and ferric chloride iron ( ), as supplied by 

enric'hed bread. All points Avere corrected to an initial hemoglobin value of 4.0 
gm/100 ml of blood. 


DISCUSSION 

Several experiments have now been reported on the utiliza- 
tion of ferric orthophosphate iron in rats. Although Day and 
Stein (’38) did not attempt a truly quantitative comi^arison, 
their results in a single-level study indicated that ferric 
chloride iron was approximately 4 times as available as ferric 
orthophosphate iron. In their single experiment, Freeman 
and Burrill ( ’45) found ferric orthophosphate iron to be prac- 
tically as effective as ferric chloride iron. Inasmuch as Free- 
man and Bnrrill report only the final hemoglobin values at the 
end of 28 days, a time at which the groups were already well 
within the normal hemoglobin range, it is possible that differ- 
ences occurring at 1 to 2 weeks were no-longer apparent. In 2 
previous single-level experiments, Blumberg and Arnold (’47) 
found ferrous sulfate iron to be more than twice as available 
as ferric orthophosphate iron. The present investigation at 
multiple levels appears to leave little doubt that, xmder the 
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conditions of tliese experiiueiits, ferrous sulfate iron or ferric 
cliloride iron is approximately 4 to 5 times as available for 
hemoglobin regeneration as is ferric ortliopbospbate iron. It 
may be noted that MeCance et al. ( ’43) observed in bnman 
subjects that the addition of disodium phospliate to bread de- 
creased the absorption of iron. Caution must be exercised 
against confusing ferric orthophosphate itself with prepara- 
tions in which the fenie orthophosphate has been solubilized 
with sodium citrate, e.g., Soluble Ferric Fliosjjhate, N. F. Vlll 
(National B''oi‘umlary, ’46). 

The magnitude of the enrichment in-ogram justifies a thor- 
ough appraisal of the assimilability of the iron sources in use or 
proposed for use. Although the results of rat experiments are 
not applicable to man with certainty, these investigations with 
enriched bread strongly suggest the advisability of seeking 
better sources of iron than ferric orthophosphate for bread 
enrichment. The clinical findings of Moore and coworkers 
( ’39) suggest that in man also ferric orthophosphate is poorly 
utilized as compared with ferrous sulfate. Certainly fui'thor 
studies upon the efficacy of ferric orthophosphate in both ani- 
mals and man should be conducted if its use is to be continued. 
From a nutritional standpoint it would appear safer to use an 
iron source already known to be highly eflica cions in man, such 
as ferrous sulfate, reduced iron, or other preparations of com- 
parable availability. In order that the consumer may .secure 
the full benefit of the enrichment program, it is desirable that 
highly assimilable forms of iron be used in bread and flour 
enricbment. 

SIJMMABT 

The biological availabilities of the iron in ferrous sulfate 
and ferric ortbopliospbato have been compared on the basis 
of hemoglobin lugeneration in rats made anemic from iron 
deficiency. A secondary comparison was made with ferric 
chloride. The iron compounds were fed in the form of en- 
riched breads, and multiple levels of iron enrichment wei’e 
used to permit comjiarison of dosage response* enrves. 
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ITiider tbe conditions of tlieso exiscrinients, fen'ous snlfate 
iron was 4 to 5 times as available as feiwic ortliopliospbate iron 
when both compounds were tested at 4 widely spaced levels. 

When compared at 2 levels, ferric chloride iron was equal 
in biological availability to the highly etfective ferrous sulfate 
iron, or 4 to 5 times as available as ferric orthophosphate iron. 

Attention is called again to the desirability of using liighly 
assimilable forms of iron in dour and bread enrichment, so 
that the consumer may secure the full benefit of the enrichment 
program. 
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MODIFICATION OF THE ACTION OF CAFFEINE 
ON THE SPONTANEOUS ACTIVITY OP THE 
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Various investigators have found that caffeine above a 
certain threshold level has a stimulating action on the central 
nervous system (Hollingworth, ’12; Cheney, ’35; Horst and 
Jenkins, ’35). 

The present experiments are offere<l to show that this 
action of caffeine as manifested by an increase in the spon- 
taneous activity of the albino rat, can be modified to an 
appreciable extent by certain food materials administei’ed 
either simultaneously with the administration of caffeine or 
a short time afterward. 


PROCEDURE 

The method used for measuring spontaneous activity was 
that described by Schulte and his associates (’41). The ap- 
paratus consisted of a small wire cage measuring 6" X 5" X 
ti" which was suspended from a spiral spring’ in such a maimer 

' Preliiiiiiiary report. Fed. Pf'oe., f>: 119 , 1947 . 

^ The expense of this iiivestij^utioii was defrayed in large jiart by a grant-iii-aid 
from tlio Sugar Ivesearcli Foinidaiiou, 

* Present address: l^arke-Davis Co., Detroit, Michigan. 
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that nli tlie movements of the aninuils, even the slightest ones, 
were suniiuated by a Avork adder attached to the sprijig. A 
small phi iusei’ted in the rim of the woi'k adder dipped into 
a niei’cury cup upon each complete revolution tlierehy com- 
pleting an electric circuit and activating a signal magnet 
writing on a slowly moving kymograph paper. Actmty was 
measured and recorded in terms of the total mnnher of revo- 
lutions of the Avork adder tliroughont the experiment. TavoIa'c 
units Avhich Aveve set up in a small Avell-lighted room devoted 
exclusively at the time to tlio experiment Avore used simul- 
taneously. All the experiments Avere run in the morning be- 
cause at tills time of day in a well-lighted room the activity 
of a Avliite rat is at a minimnm. 

Se\mn sets of observations AA^ere made under different ex- 
jierimental conditions. Caffeine alkaloid in Amrious amounts 
was administered in aqueous solution by stomach tube or 
intraperitoneally. In some experiments sugar dissolved in 
AAOiter AA’as gh’-eii by stomach tube simultaneously AAuth or 
shortly after the administration of caffeine. In others 
peptone, vegetable oil, and the inert material agar Avero given 
instead of su.gnr. Further details of the procedure Avill be 
described under the folloAving separate captions. 


EESULTS 

Experiment 1: Showing that oaffeine causes an 
increase in spontaneous activiti/ for several hours 
after administration whereas no permanent 
effect is produced by the daily consumption 
of a large amount of caffeine 

TAventy-tAvo animals AA^ere selected 1 AA'oek after AA'eaniug 
and giAmn 75 mg eaffeine/kilo daily in aqueous solution by 
stomach tube for 100 days. An equal number of litter mates 
AA^'ere chosen for controls and by the same procedure giAmn 
Avater daily instead of the caffeine solution. At the end of 
tills pei'iod 24 hours Avere allowed to elapse Avithout the 
administration of caffeine Avherenpon the animals Avere placed 
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in the a(.-tLvity cages foi- tlie lii-st time. They were kept in the 
cages for 1 hour for the purpose of obtaining' their basal 
activity, then removed and given caffeine or Avater by stoniacli 
tnbe and replaced in the cages. This procednre was repeated 
on snccessive days (except on fciundays) until 220 daily ob- 
servations had lieen made on the test animals and tlu^ same 
number on the controls. 



Figure .1 Figure 2 

Fig. 1 Tli{3 eiiVet of Toing co ff eine/kg on Hponlaneous aetivity. For tlie saFo 
of coiitiiiiiity the aetivity of the aiiimuis iriidei* test and etuitrol coxuIitioiiH is 
r(*preseuted by hatched and cross-hatched lines^ resjjeetively, although caffeine was 
not given to the test aiiiinal.s nor water to the controls until the end (tf the 
basal period. 

Fig. 2 Coniparison of spoutaneous activity after enheine in water and cai'feine 
in a sucrose solution. 

Seventy-five mg caffeine per kg- body -weight had a definite 
stimulating effect on spontaneous activity which was most 
marked during the first half hour. This effect -nnis still mani- 
fest at the conclusion of the experiment 4 hours after the 
administration of caffeine. The results of the experiniont are 
])resented in figure 1. The activity of the tc'st animals was 
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greater than that of the controls in 206 out of 220 individual 
experiments; in 5 experiments there was difference whereas 
in 9, the controls were slightly more active than the test 
animals. 

Long ('ontiniied daily administration of this amount of 
caffeine had no perniaTient effect as shown hy the fact that 
tlie basal activity of the animals that had been given caffeine 
for 300 days was the same as tliat of the controls. In this 
connection it is of interest to note that in human subjects 
Cheney (M5) found no significant effect on reaction time 24 
hours aftei‘ the consumption of caffeine. 

Expcriiiirnf .2: Showing tliat sucrose administered 
simultaneously until caffeine rednices the increase 
in spontaneous activity caused hy the sfimu- 
lating action of caffeine 

These experiments were undertaken with the purpose in 
mind of following up a lead obtained in other observations 
(not published) wliich suggested that the action of caffeine 
might be affected l)y the simultaneous ingestion of sugar. 

In this and the following experiments each animal served 
as its own control. The animals mere divided into 2 groups. 
On the first day of the exjirrimcut 1 group mas studied under 
experimental and- ih(‘ other under control conditions. On 
alternate days thereafter this order was reversed. 

Twelve adult rats were selected at random from our colony. 
I'hder control conditions the animals were given 20 mg caf- 
foine/kg in aqueous solution by stomach tube and under test 
conditions the .same amount of eafifeiiie in a 50% sucrose solu- 
tion (1.5 gm s ncr os e/100 gni body weight). It had been 
found previously iu another set of experiments that 20 mg 
caffeine/kg bad a definite stimulating action. These results 
are not presented separately as they are in agreement with 
those obtained with this amount of caffeine in the expei-iments 
shown in figure 2, Each point on the nomogram is xJlottcvl 
fi-om an average of 60 experiments. 
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A comparison of the activity when caffeine alone was given 
with that which occurred after the simultaneous achniiiistra- 
tion of caffeine and sucrose (fig. 2) shows that the sugar 
neutralized to a large extent the action of caffeine. 

In other experiments, the results of which need not lie 
given in detail, spontaneous activity after the administration 
of a sucrose solution alone was found to he practically the 
same as when plain water was given. 

Experiment 3: Showing that the increase in 'activity 
caused hy caffeine can he redneed hy administer- 
ing sucrose 30 mimifes after giving caffeine 

When it had been definitely sho^vn in the preceding experi- 
ments that the ingestion of sucrose had a modifying effect 
on the action of caffeine, speculation arose as to the mecha- 
ni.sm involved. To determine whether the effect of the simul- 
taneous administration of sugar might he due to an 
interference with the absorption of caffeine the following 
experiments were undertaken. 

The animals used in this experiment were the same as in 
experiment 2. The procedure and the amount of caffeine and 
sucrose administered were also the same Avith the exception 
that all the animals were given caffeine immediately after the 
basal period. Thirty minutes later those under test conditions 
Avere given the sucrose solution by stomach tube and those 
under control conditions Avere given the same amount of 
AAmter. There AA'ere 48 observations under each set of con- 
ditions. 

The area of cross-hatched lines in figure 3 for the first half 
hour after the basal period represents the acthity of the 
animals on the days AAdien they Avere ghmii sucrose after this 
first half hour jAeriod ; the hatched lines, the actufity on the 
days AAhen they Avere given Avater (control experiments). 
Within 30 minutes the caffeine had been absorbed and Avas 
exerting its maximum effect, a.s indicated by the activity of 
the animals at this time. Administration of sucrose Avas fol- 
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lowed in the next half hour period by a dehnitely greater 
decrease in acfivity lliaii when watei' alone was given. 

E:r-j)criinenf 4; Shoidufj fliai caffeine injected infra- 
jieriiuncalbf increases spontaneous activity which 
in turn is reduced hy the. oral administration 
of sucrose 

9'his experiment is ofifered as confirmatoiy evidence that 
the effect of snci'ose on the action of caffeine is not due to 
an interference with absoi-ption. The observations were made 
on the same animals as in the preceding experiment. 




Figure 3 Figure 4 

Fig. 3 Keduction iu the increased activity produced Uy caffeine wlion .sucrose 
was adniiiiistcred 30 aiiiiutes after caffeine. 

Fig, 4 The action of the oral administration of sugar on the in crease in 
spontaneous activity caused by the intraperitoneal injection of caffeine. 

An aqueous solution containing 20 nig caffeine/kg was iii- 
j(*ctcd intraperitoneally into all tbe animals at the conclusion 
of Ihc basal period. Immediately after the injection 1 group 
was given sucrose by stomach tube and the other water only. 
On alternate days this procedure was reversed. 

The average values of the data obtained are plotted in 
figure 4. Each average was derived from 30 experiments. 
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During tlie first half; liour after iiitraperitoiieal injection of 
caffeine the activity was practically the same as hi the pre- 
ceding experiments in which catfeine was administered by 
stomach tube. In the second half hour there was a further in- 
crease in activity which continued at this high level diu'iiig 
the following half hour period. From this time on there was 
a gradual return toward the hasal level. 

The oral administration of sugar neutralized to a large ex- 
tent the stimulating action of caffeine that had been injected 
inti'aperitoneally. 


E.tpcrimeiif 5 : Showing that the increcifsc in sponfanconfi 
actwity induced hy caffeine is reduced hy the 
simultaneous ad, ministration of peptone 

Further speculation on the mechanism whereby sucrose 
modifies the action of caffeine suggested the advisability of 
determining whether this effect was specific with respect to 
sucrose or common to other food materials of an entirely 
dilferent nature. This experiment and experiment 6 were 
designed for this purpose. 

Twelve animals that had not been used in the previous ex- 
periments were selected from the colony. The Yiroeedure was 
the same as in experiment 2 except that an aqueous solution 
containing 10 gm peptone/kg body weight was given instead 
of the sucrose solution. 

The results presented in figure 5 shoAV that peptone had an 
effect similar to that of sucrose in reducing the increase in 
activity caused by caffeine. 

• Experiment 6: Showing that adminisf ration of vegetable 
oil simultancomly with caffeine reduces the increased 
aeth'ity resuUhig from, caffeine 

Eesults similar to those in experiment 5 were obtained in 
the present experiment in which 20 mg caffeine dissolved in 
.3.75 ml vegetable oil was administered hy stomach tube to 
12 animals. The comparative effects of caffeine in water and 



396 


JOHN HALDI ANB OTHEES 


caffeine in oil ai-e presented in figure 6, Each value from which 
the nomogram was constructed is an average of 60 experi- 
ments. 

From this experiment and the preceding one it is apparent 
that the modifying effect on the action of caffeine which was 
observed originally in our studies with sucrose is not specific 
for sucrose but is shared by the other major foodstuffs, 
namely, protein and fat. 



Figure 5 Figure 6 

Fig. n Ke(lu<;tion in the stiuiulatiiig action of caffeine by the simultaneous 
administration of peiitone. 

Fig. G The effect of the simultaneous administration of vegetable oil on the 
stiuiulatiiig action of caffeine. 


Experiment 7 : Showing that the increase in spontaneous 
activity caused by caffeine is not aff'e.dexl by the 
sbnuUaneo-us admihistraUon of inert material 

There remained to be considered the possibility that the 
more presence of materials other than caffeine in the gastro- 
intestinal tract, regardless of their nature, might have an 
effect similar to tliat produced by the foodstuffs. This experi- 
ment, the results of which are presented in figure 7, shows tliat 
this is not the case. There was no .significant difference in 
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the activity of the animals when given. 20 mg- eatfeine/kg- in 
aqueous solution by stomach tube and when given the same 
amount of caffeine dissolved in 10% agar. Each value plotted 
is an avevag’e of 30 observations. 



Fig, 7 Sjhjntaneoiis activity follo-vviiig the adiiiiiiistration of ca^eiiie m 
water and caffeine in agar. 


I)ISaU8SIOK 

The original suggestion for the pursuit of this investiga- 
tion arose in the course of another study still in progress 
Avhieh seemed to indicate that certain physiological actions of 
caffeine might be modified by the simultaneous ingestion of 
sucrose. The present study is concerned with a different 
underlying physiological mechanism. 

While these experiments were under way it came to onr 
attention that it had been reported hy Chaueard (’45) and 
in another paper by the same author and his associates 
(Chancard, Mazoue and Lecoq, ’45) that the chronaxie of 
nerve fibers is atfeeted by cafi’eine and that this effect is 
specifically neutralized hy the oral administration of the 
sugars: lactose, sucrose, galactose and glucose. 

When it had been proved to our satisfaction that the action 
of caffeine on the central nervous system can he modified hy 
the administration of sucrose, our interest was aroused in 
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the mecliaaisHis involved. The only contribution wo can offer 
at the present time with regard to the question is of a negative 
nature as stated in the summary. 


SUMMARY 

1. The modifiealiou.of the action of caffeine by sucrose is 
not specific to this food material but is shared by foods of 
an entirely different nature, namely, piotein and fat. 

2. It is not due to an interference with absorption for, as 
shown in experiments 3 and 4, the effect was observed when 
caffeine was injected iiitraperitoneally and also when sugar 
was given after caffeine had been absorbed and had produced 
its characteristie action. 

3. It cannot be accounted for by the mere presence of other 
material regardless of its nature in the gastro-intestiual tract, 
for ag-ar administered simultaneously with caffeine had no 
neutralizing action. 

In respect to the lethal dose of caffeine our results differ 
from those of Schulte and his associates (’39). A dose of 
40 mg caffeine/kg proved fatal in 1 of their 10 animals. Since 
lOrag/'kg sufficed to increase spontaneous activity it was con- 
cluded that the margin of safety between the barely effective 
and the convulsive or fatal dose was 4 times. In the experi- 
ments reported in this paper and in numerons other experi- 
ments we have administered 75 mg eaffeine/kg over 9000 time's 
to 145 different rats without a single fatality. 
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In a previous experiment, it was found that most young 
growing rats had little appetite for sucrose, when their elioiee 
of food was casein, fat, salt mixture, and sugar (Scott, ’46). 
The present report gives the results of experiments in which 
other carbohydrates (starch, dextrin and lactose) were otferecl 
as choices instead of or in addition to sucrose. 

EXPERIMENTAL 

In each of the first 3 experiments, 10 male and 10 female 
weanling rats were placed in individual cages and allowed 
to eat a mixed diet “ olfered in all of 4 cups. The experiments 
differed in that the sources of carbohydrate in the diets wei’e 
different. Raw corn starch was the carliohydi-ate in the first 
experiment, lactose in the second, and dextrin in the third. 
Vitamins were given seiiavately as pills.” During a 3-week 

^ C'liiitribiition no. (140 of the Deptirtmeiit of Clieniistrj, University of Pitts- 
burgh. Aided by grants of tlie Niitritioii Fonndationj Ine., and the Biilil 
Foundation. 

'■* The Mixed diet consisted of 02% carbohydrate, hydrogenated fat 

(Primex)j 4% salt mixture (.Tones and Foster, ^42), and 24% casein (Labeo 
“ vitamin-free 

■‘One pill was given each rat daily. It (*ontaincd: 00 wg thin mine hydrochloride, 
J20Mg riboiiavin, UO pyridoxine liydrochloride, JoO.ag eabdiim pantotheimite, 
U) mg choline cliloride, 1 mg a-tocopherol, and Hb J.IT. vilnmin A, and 11 I.U. vita- 
min B as 0.001ml Natola; all in a dextriii-powdm’ed .sugar lutse. 
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coiilvol i) 0 ji()d, the amount eateji from each cup Avas recorded 
daily and tlie cups wore then interchanged in a predetermined 
random manner. During a 3-Aveek experimental period, the 
clioices given the animals were fat, protein, salt mixtui'e, and 
the same carlmhydrate as in the control i)i'riod, each in a 
separate cup. The amount eaten was recorded and the cups 
interchanged daily as before. 

In the fourth c.xitcriment, 20 male and 20 female weaiding 
rats were divided into 4 groups so that each animal had 1 
littermate of the same sex in each of the other 3 groups, ddie 
members of each group were fed 1 of tlie following mixed diets 
in all of 4 cups during the control period: (1) 62% sucrose 
diet, (2) 62% starch diet, (3) 62% lactose diet, (4) 62% dex- 
trin diet. In the experimental period all animals were given 
their choice in 4 separate cups of these 4 mixed diets. 

In tlje final experiment, each of 20 rats was placed in a 
cage with 6 cups, all of which contained a diet consisting of 
24% casein, 10% fat, 4%- salt mixture, and 15.5% each of 
sucrose, starch, lactose and dextrin. During the experimental 
period 7 choices were allowed the animals. These consisted 
of casein, fat, salts, sucrose, starch, lactose and dextiin, each 
in a separate cup. 


KESULTS 

Tlie growth and food consumption of the animals during the 
control period are shown in tables 1 and 2. All of the animals 
fed lactose diets develo])ed severe diarrhea and grew very 
slowly. The other diets wore approximately hut not com- 
pletely equivalent nutritionally as shown in table 2. The 
decreasing growth rates with these carbohydrates were: 
starch > dextrin > sucrose, with the difference between starch 
and sucrose definitely significant. 

The results of the first 3 experiments and the 7-choice ex- 
periment are shown graphically in figure 1, while the carbo- 
hydrate choices in the latter experiment are shown in figure 2. 
The results of the experiment where mixed diets were offered 
are shoum in table 3, 
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TABLK 1 

Growth and food consumption- in. the control jn riodd 


(. SOUliCK 


MAIiKS 


Wt. giliiJ 


J’’K MALES 

Wt. uniii Food t'att ‘11 


1 Starcli 

3 -Eactose 

Doxtrin 
5 Mixture 


tjhi 

J04.f) zt 5.0 

ao.o ± H.a 
70.5 ±: 4.1 
70.7 ±: 3.3 


{fill 

310.7 ± 10.4 
IIO.S ± 5.5 
100.4 ± 5.8 

170.1 ± 4.0 


82.7 ± l;i 
33.4 ± 4.3 

60.3 ± .3.7 

02.3 ±: 3.3 


f/m 

;17S.0 ± 0.2 

310.1 ± 7.8 

170.1 ±8.3 
381.0 ±4.0 


^All rlata in iemiH of mciiii and standard error of tlie luean. 


TABLE 2 

Growth and food con.'iumjdivn during tho control period, 
(Experiment 4) 


eAKBUITYDRATE 

sontOF. 

WT, GAIN 

FOOD EATEN 



!/»l 

(/ tit 


Sucrose 

02.5 ± 3.0 

133.0 ± 7.7 


Starch 

73.9 ± 3.0 

163 .8 ± 8.8 


Lactose 

31.2 ±4.1 

103.4 ± 0.0 


Dextrin 

0»S.7 ± 3,0) 

155,0 ± 5.2 



TABIdO a 

Fref('rene(‘ for mired diets. 




oarbo- 

nVDKATE 

SCumH'B 

IN 

OONTR^fL 

J'KKIOD 

WT. ruiN 

TOTAL FOOD 

APBirriTE FOR miri 

* eONTAlNlKO 

1 

8ucros«^ 

Starfli 

]«T{‘tns« 

Dextrin 

SneroH(3 

78.7±7.4 

248.9±17.2 • 

— 19,5 ±5,7 

1S.0± 7.2 

—3 9.2 ±3. 4 

21.2±10.0 

Htareh 

70,5±0.6 

240.6±10.3 

7.9 ±6.4 

~ -32.0± 7.0 

— 23.0±2.1 

27.0± 7.0 

Lactose 

81.9±3.6 

225.6±10.0 

— ■5.9±7.3 

— 3.f)±10.2 

— 1G.9±3.2 

23.8 ± 9.7 

Dextrin 

67.9rt:5.8 

225.3±10.7 

16.1±7.0 

2.3± 9.0 

— 25,8±5.1 

7,2± a.o 

Average 

74.8±3.0 

244.1 ± 6,5 

0.4±a.9 

l.S± 4.4 

-~-21.2±LS 

19.8± 4.2 


^Change in pereentage eaten (experimental minus control) from corresponding 
cups during ctmttad and experimental periods. 
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O. 


-60 0 60 260 I0i30 

Wi Change-gm. Total Cal. 



4 6 8 

Cal. Density- cal./gtn. 


l-’lyr. J Weight cIiKii-ro and .si 'lwtiiJii.s of aniinal.s when various (.■ariio!!; 
\V(.]'o oUVml. 'I'lio carbolivdj'ntc ofl'crod n'jis in eaoli oase; Top liiKtogram s 
sirond Idstogram — lacloso; third iiistogr.am — do-xtriii : ' lowr hi.stog: 
.slttroJi, L'ti'j.osti tiiid orO'rcd .siiiiuUanotmslv. 



Srk. *(.‘1x011 (if carboliydrah's wlion uirm/d siiuullniu‘()ii.Nl\ . 


I rah* 
arcli 
na - 
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DISCUSSION 

In all of tlie present experiments lactose was tliorougiily 
disliked. There was no obvious reason for this, but it is not 
inconceivable that the physiological response to this carbo- 
hydrate resulting in diarrhea may have caused unpleasant 
subjective symptoms in the animal. The other carbohydrates 
were accepted to a greater or less degree by some animals. 
The order of preference varied with the ty])o of experiment, 


TABLE -t 

Effect of cnrhohjidraie choice o7i protein elwicp. 


O.iKBOirYDTIATK 

ciroicu 

NrMBl'It op .tNlMAKS IX 

pinm VHiLiT 

Cirmip 

Grou]) B 

Sneroso 

S4 

53 

1.000 

Starch 

5 

15 

0.214 

Lactose 

i 

13 

0.777 

Dextrin 

5 

15 

0.214 

All four 

7 

13 

0.777 


^ Group A ate little or no protein and lost weight; Group B selected protein and 
gained weight during the exjierimeutal period. 

^ Probabilit}’ that an arrangement into groups as improbable as that shown 
eniild occur through random sampling. The theoretical probability of a rat (?ating 
protein was taken as that found in the sucrose experiment. 

and the follovniig orders of acceptahility were observed: 
1 carbohydrate as a choice (first 3 experiments), starcli> 
dextrin > sucrose ; 4 carbohydrates as choices (fifth experi- 
ment), starch > suer ose> dextrin; mixed diets as choices, 
dextrin > starch = sucrose. 

The variation in intake of carbohydrate was accompanied 
by correlated inverse variation in fat. This is shown par- 
ticularly well in the calorie density histograms, where it is 
seen that in those experiments where large amounts of cai'bo- 
hydrate wmre selected, the calorie density of the selections 
was low^ Variation in cai'bohydrate intake had no observable 
effect on the number of animals which accepted protein as a 
choice, as shown in table 4. HoAvever, tbe complete avoidance 
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of lactose did result iii some eases in Hgh intakes of casein. 
This is apparent from the protein histogram, where it is seen 
that several animals ate large amounts of casein, in spite of 
the fact that, being’ smaller animals, their caloric intake wms 
rather low. 

For the most part, then, protein intake was independent of 
carhohydrate intake, hut fat intake was intimately related tf) 
it. The 3 carbohydrates other than lactose were approxi- 
mately equi\’alent nutritionally, and yet were accepted to 
different extents, and acceptance was dependent in part on 
how the choices were offered. It is improbable, therefore, that 
selection in these 3 eases was based on any nutritional qual- 
ities of the choices, and probable that the appetites shown for 
these substances were trivial in origin. 

Furthermore, it appeared incorrect to speak of an “appe- 
tite for carbohydi’ate ” since the appetites studied were essen- 
tially independent. The probability based on observation that 
an animal would not eat at least 20 gm of a given carbohydrate 
was as follows : sucrose 0.50 ; starch 0.20 ; lactose 1.00 ; dextrin 
0.30. Assuming that the appetites were independent, the prob- 
ability that an animal would not oat at least 20 gm of all 4 
would be expected to be the product of the observed probabil- 
ities, or 0.03. Actually, only 1 out of 20 rats ate less than 
20 gm of carbohydrate in the 7-choice expeT’inient. The ob- 
served fraction was then 0.05, in close agreement with the 
expected probability. 

The effect of previous diet on choice can scarcely be decided 
a priori, since one could as well expect animals to continue to 
eat the diet to which they are accustomed as to expect them 
to desire variety. It has been our qualitative impression from 
several experiments that rats relish a change of diet, although 
the effect only lasts for a day or two. This impression 
appeared to be substantiated by the data in table 3, where, in 
all cases but lactose, that group w’hich liked a certain choice 
least was the group previously fed that choice. 
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SUMMARY 

Of 4 cavboliydrates tested in an experiment where I'ats 
were allowed to choose the components of a diet, lactose was 
avoided, bnt sucrose, starch, and dextrin Avere accepted to 
various degrees. The appetites for various carbohydrates 
were concluded to be lai’gely independent of apiietite for 
casein, inversely proportional to the intake of fat, independent 
(exccipt that for lactose) of nutritional significance, dependent 
on the method of offering' the choice, and independent of each 
other. Eats appeared to relish a change in the carbohydrate 
portion of their ration. 
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PHYSIOLOGIOAL AAVVIIiABlLITY OF THF 
VITAMINS 


IX. IXPU'ENCE OF ASOOnuiO ACID ST.\ BILIJIEIW IN FI.'T’ITS 
AN'O VF.OETABI.KS ’ 

UANIEL MELNICK,,-' .MELVIN IIOOriBERO .AND 
JIRlIN.UfD L. OKER 

Foih'I licsearfh Lfibornhmea, lnt\, Liiiiii Inland Citii, Xcw Yorl' 

(Ri.‘('eiv<'<l for imlilieiitioii .Tniie 5, 391-7) 

In many homes fruit juices Ioam in ascorbic acid are nserl 
interchang’eably Avith tliose of Iiiglier ascorbic acid content. 
Some nutritionists liax'^e recommended that the former prod- 
ucts be fortified AAdtli the vitamin to make them nutritionally 
more compai’able Avith the iiigher potency juices. During and 
since the Avar, fortification of apple juice Avith ascorbic 
acid (.iomg per 100 ml) has been spon.sored by the Canadian 
government (McFarlane and .Davis, ’41). In 1943-1945 the 
IT. S. Army produced over 50 million pounds of canned apple 
juice in Australia, of which about 90% was fortified Avith 
syntbetic ascorbic acid {Esselen, PoAvers and Fellers, ’40). 
Enriched apple juice is noAV aAmilable on the American mar- 
ket. Procedures for the fortification of apple juice Avith as- 
corbic. acid in commercial practice have recently been de- 
scribed by Hoifmami-LaEoche (’46), Merck (’46) and Pfizer 
( ’46). In all these cases it has been the objeetwe to obtain a 
fruit juice furnishing the minimum daily requirement, 30 mg 

^ TIip ilatu ill tins vei'ort were yn’eseiitefl liefoi’e tlip AniPridan Institute of 
Xutritioii, 3U47, lUiuois. The expenses of tht^ study were defrayed 

hy a grant from the Uiiffy-^fott (’ompaiiy, Iiie., New York, N. Y. 

^ At present, (?liief of the Food Develupmeiit Divis-ion, (jiuartermaster Food 
and Foiitainer Jnstitnte for the Anu<*d Forees, dneago, .niiiiois. 

Present nddres,s: Ohenn(‘al Conpatiiy, Harrison, N. T, 

m 
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of ascorbic acid (Federal Food, Drug and Cosmetic Act, ’41) 
per serving of 100 or 120 ml. Furtbermore, the vitamin has 
been reported to have a favorable effect on color retention 
of the fruit juice during storage (Esselen, Powers and Fellers, 
’46). 

Interest in the vitamin C contribution of fortified apple 
juice was markedly stimulated by the recent report by Cramp- 
ton and Burton ( ’46) that the vitamin potency is 35% greater 
than ascorbic acid content. These authors employed a new 
biological assay procedure, in which the maximum develop- 
ment in height of the odontoblast cells of the incisor teeth 
of young guinea pigs was the criterion of potency. Either of 
2 factors could be responsible for the greater than theoretical 
values obtained; (a) an unknown factor in apple juice may 
act synergistically with ascorbic acid, permitting optimal ab- 
sorption and utilization of the vitamin, or (b) the biological 
procedure is not specific for ascorbic acid, and some other 
compound naturally present in the juice exhibits a similar 
effect. 

Studies suggesting that a mixture of flavone glycosides 
(eitrin, or vitamin P) is required for the cure of certain 
hemorrhagic manifestations of scurvy have recently been 
summarized (Nutrition Beviews, ’43, ’44). Much of the evi- 
dence is based upon observations that natural foods rich in 
vitamin C are far more effective in the treatment of hemor- 
rhagic conditions than equivalent amounts of synthetic as- 
corbic acid. Citrin, together with ascorbic acid, appears to be 
required for the maintenance of the integrity of the capil- 
lary wmll. 

On the other hand, it has been postulated (Elmby and War- 
burg, ’37) that natural foods may contain an unknown factor, 
a covitamin, required for more effective utilization of ascorbic 
acid. The recent report by Crampton and Burton ( ’46) sup- 
ports this hypothesis since the authors consider their newly 
developed bioassay procedure to be specific for ascorbic acid. 
They found that fruit juices (orange, apple and tomato) 
exhibit about 35 to 45% higher vitamin C potency than is 
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indicated by chemical assay of these materials, assays which 
included detei'inination of dehydro- as well as reduced ascorbic 
acid. The reference material in the hioassays was the syn- 
thetic vitamin. That natural foods contain factor.s which 
inhibit o.vidative loss of ascorbic acid has been rei>orted l)y 
8omogyi (’45) and Reder (’46). The latter sugge.st.s tliat 
compounds containing the sulfur groups, -BS- and -SH-, 
in vegetable extracts induce greater retention of ascorbic 
acid when comparisons are made with the results of control 
tests of pure solutions of ascorbic acid (bntfered or unbuff- 
ered) at the same pH value. 

Studies of factors influencing the degree ot availability of 
ascorbic acid from different sources have appeared in the 
recent literature. Tests with humans have shown that as- 
corbic acid oxidase, capable of rapid in iniro destruction of 
large quantities of vitamin C, is inactive in the digestive 
tract (Hochberg, Melnick and Oser, ’45a). Apparently the 
enzjTne is destroyed in vivo or its activity inhibited. Likewise 
the destructive effect of copper on ascorbic acid is not manifest 
in the digestive tract (Hochberg, Melnick and Oser, ’45b). 
Thus, the importance of tliese 2 factors which could con- 
ceivably have been responsible for Ioav values for available 
ascorbic acid can now be discounted. On the other hand, 
the x>ossibility that ascorbic acid derived from fruits and 
vegetables exhibits a greater x)otency than the vitamin in puiu* 
solution still requires investigation. As the result of earlier 
studies it has been concluded that the ascorbic acid in orange 
juice (Hawley', Stexffiens and Anderson, ’30), i7i raspberries 
(Todhunter and Patzer, ’40), in ]3otatoes (CJlayffon aiid Fol- 
som, ’40), in cabbage and tomato juice (Olay'ton and Borden, 
’43), and in papayas and guavas (Hartzler, ’45) is available to 
the human organism to the same degree as the synthetic vita- 
min in pure solution. However, in these investigations the 
basal dietaries were not free from other fruits and vegetables. 
The objective w'as to reduce the irrelevant ascorbic acid con- 
tent to a minimum: des])ite this the dietaries still contributed 
from 5 to 20 mg of the vitamin ])er daj^ In view of the obser- 
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vatioH that cei'tain v(?g'etable extracts, even tliose low in 
ascorbic acid content, may (‘ontain vitamin C stabilizers 
(Soinogyi, ’45; Eoder, ’46) and since these may be responsible 
for enliancemeut of biological potency, it would seem quite 
likely that in the earlier studies tbe synthetic aseoi’bie acid 
taken with the basal dietary may also have been protected by 
the stabilizing factors present in the vegetables and fruits 
consumed. It is iiertiiient to point out in this connection 
tliat the protective factor in vegetables is not destroyed by 
boiling the extracts (Eeder, ’46). 

The objectives of tlie study now Iteing reported were to 
answer these questions: (1) is apple jirice a favorable vehicle 
for ascorbic acid as a means of fortifying the human dietary, 
and (2) what influence do the stabilizing factors in fruits and 
vegetables have on ascorlhe acid availability? 

EXPEHIMENTAL PART 
In vitro study 

That fruit juices contain ascorbic acid stabilizing factors 
has been demonstrated by the in vitro tests presented in 
table 1. 

The analyses for ascorbic acid content were conducted ac- 
cording to the photometric procedure (Hochberg, Melniek and 
Usei’, ’43). Acidulated, but not buffered, deionized water was 
employed in the first test system. Tbe second consisted of 
pasteurized apple juice at its natural pH, and the third of 
freshly expressed orange juice also at its natural pH. The 
ascorbic acid was added to the acidulated water and to the 
apple juice in amounts comparable to that found in the orange 
juice. The solutions were neither deaerated prior to forti- 
fication nor kept under nitrogen during solution of the vitamin. 
The samples were stored in cylindrical glass-stoppered jars 
under air with a head space of about one-tenth of the total 
capacity. At the end of 10 and 21 days’ storage of the solutions 
at 45°C., 1 jar in each series was removed for analysis.^ The 

^ISTo cbanges in pH occurred during storage of the samples. 
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values reported iu table 1 are for total ascorbic acid, since 
very little doliydroascorbic.acid was found. It will be noted 
from the results of tliese accelerated holiiiii>!: tests that tbe 
vitamin was appreciably more stable in orange juice than in 
apple juice, while in the latter, retention of ascorbic acid was 
far superior to that in pure acpieous .solution. 


TAULE 7 

Stahitiiy of asrorhic acid in sulution. 



TOTAi. Aseoumo Aoni tontrnt 

rjiTENTiox or 
,\S('€)Kmc Acm 

TEST SYSTEM ^ 

l^rpshly 
px'Gpared “ 

stored 

1 0 <lays 

51 1 4.0 '’C. 

Stonnl 

21 days 
at. 45 “0. 

Stornl 

1 1( iJavs 
at 455”<J. 

Stored 

21 days 
5tt 45“ r. 


mg/ 100 ml 

mg/ 100 ml 

mg/ 100 ml 


< j, 

Aqueous® solution of as- 






corbie acid at pH 3.35 
(iinbuficered) 

50.0 

7.3 

0.3 

13 

O.;! 

Apqile juice fortified with 






ascorbic acid, pH 3.30 

51.4 

34.3 

4.0 

07 

0 

Orange juice, freshly pre- 
pared, pH 3.40 

56.1 

48.3 

13.4 

80 

1>4 


^As(torl>ic acid was added to the acidulated water and to the apple juice in 
amounts comparable to that naturally present iu the ornnp^u juice. The solvit inns 
were neither deathated prior to fortification imr under iutrog<ui dnrinj,^ solution of 
the vitamin and subsequent storage. Iu each case (ineluding the orange juice) the 
air head-space above tho solutions in the cylindrical glass-stoppered jars was about 
one-tenth of the total volume, 

-The solutions were held for a period of 2 hours at room temp<.*ratnre prior to 
the first smdes of assays. 

^ Deionizi'd water. 


Ill vh'o siiidie.‘i 

In line with the first objective of this investigation, tin assay 
was conducted with human subjects to determiiio tbe avail- 
ability of ascoi-bie acid in fortified apple juice in comparison 
with the availability of ^ tbe vitamin when supplied by raw 
fruits and vegetables. Ascorbic acid oxidase in the latter 
products has already been shown to he inactive in the digestive 
tract (Hoehberg, Melnicb and Oser, ’45a). 
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Tile assay mc41iod is based upon the observation that under 
standai’dized conditions the urinary excretion of ascorbic acid 
parallels the quantity consumed (Melniek, Hochberg and Oser, 
'45). The test subjects of the preceding study were employed 
in the current investigation. They were healthy adult males, 
subsisting reg'ularly on adequate, well-balanced dietaries. They 
excreted normal quantities of ascorbic acid before and after 
the administration of an oral test dose. 

In tl le first availability study, comparison was made between 
the availability of ascorbic acid in ruAv fruits and vegetables 
( Control Period) and that derived solely from the fortified 
apple juice (Test Period). The ration consumed by the sub- 
jects during the Control Period was that routinely employed 
(]\[elnick, Hochberg and Oser, ’45), modified only in that a 
greater amount of raw vegetables was included.® The values 
for the proximate constituents and vitamin content of this diet 
Avere the same as those described in the earlier paper (Melnick, 
Hochberg and Oser, ’45). 

The ascorbic acid-free basal ration, prior to supplementa- 
tion Avith foi'tified apple juice, is described in table 2. In order 
to aAmid the criticism directed at preceding studies, the diet 
was formulated free of all fruits and A^egetables. The proxi- 
mate and vitamin composition* of the uusupplemented diet 
AA'as practically the same as that of the adequate basal ration 
except in ascorbic acid content. HoAvever, the addition of 
enriched apple juice, 460 ml in one-third portions at the end 
of each meal, contributed 115 mg of ascorbic acid, the same 
as that derived from the adequate diet containing raAV fruits 
and vegetables. 

During each period the subjects subsisted on the dietary 
for 2 Aveeks ; the first 10 days constituted the adjustment period 
during AA'hich no urinary collections Avere made. TAventy-four- 
hour urine samples Avere collected during each of the next 4 

The ration inclndecl bread, butter, steak, milk, eggs, sugar, oranges, bananas, 
apples, lettuce, tomatoes, cucumbers, and a salad of raw cabbage, green beans, 
pt’pper and carrots. 

‘"The methods emploTed for analyzing the rations were the same as those 
used in the preceding study (Mcdnick, Hochberg and Oser, Mo). 
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days. On tJie final day, following the noon meal, a 200-mg 
test dose of extra ascorbic acid in aqueous solution was in- 
gested. Tlie precautions taken in collecting tlie urine samples 
to prevent loss of ascorbic acid have already been described 
(Melnick, Oser and Hocbberg, ’45). Tiie ifiiotometric pro- 


TABLE 2 

Affcorhie ncUl-fvrr diet. 


2 slices of toast (wheat) . 
2 I'mtter squares 

Brenkfuftt 

50 gm 1 Clip of coffee . 

14 gm (10 gm sugar) 

(30 gm milk'} 

. . . 180 gm 


Dfn Her 


1 steak (lean) 

200 gm 

1 bottle of beer . 

3(30 gm 

3 slices of bread (rye) . . 

97 gm 

1 cup of coffee 

180 gm 

3 butter squares 

21 gm 

1 serring of cake . 

.... 55 gm 


fSapper 


Noodle soup mix ^ 

31 gm 

3 blitter squares . . , 

21 gm 

2 fried eggs 

81 gm 

bottle of beer 

.... 180 gm 

Cheddar cheese 

70 gm 

1 cup of coffee 

180 gm 

2 slices of bread (iwe) . . 

05 gm 

1 serving of cake . . . 

55 gm 


VitaiH / n A'H pphnien ts 


Thiainiu(‘ 

0.5 mg 

Kiboflaviii ... 

1.0 rng 


Analyses conducted on aliquots of the composiic diet 


Proxhna te ana Ipa tv 

V ah ten founU 

Vifninhi roiitenf 

VahtfH faund 

0k)tal weight 

... 1840 gm 

Ascorbic acid 

0 mg 

O^otal solids 

.... 521 gm 

Thiamine 

. . . 1.48 mg 

Moisture 

1319 gm 

Thiamine; Calorie ratio 

, . 0.6 

Protein 

. . . 100 gm 

Thiamine ; N on -fat 


Fat (ether extra ctl . . 

... 130 gm 

calorie ratio 

. 1.0 

A sh. 

21 gm 

Piboliaviii 

2.40 mg 
..19.8 mg 

Crude liber 

3 gm 

Nicotinic acid ^ 

Carbohydrate (by 

dilferenee) 

Calm’ic value 

Nomfat calories . . . 

.... 267 gm 

2640 cal. 

.... 1470 cal. 




^ A mixture of glucose, moiiosodium glutamate, salt, spices, liydrogeiiatod fat, 
chicken fat, and noodles. 

- One-'tMrd aliquots taken at the end of each meal, 

® Expressed hi terms of total food consumed in the T. im-ttls. 

* Prt'dominantly as the amide. 
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eedure for eHtiiiiatiDg tbe vitaiuin content (Hoebberg, Melnick 
and Oser, '46) included measurement of botli debydro- and 
reduced ascorbic acid. In tbis report only tbe total ascorbic 
acid values are presented, since in all cases approximately 
90% of tbe vitamin in the urine was present as reduced 
ascorbic acid. 

TABLE ;i 

Urinary rxcrriiun of Hicfary and extra ascorhic acid tnj niihjeefs i7i(jestiny raw 
fruitn and veyrtabh's as compared with fortified apple Juice ^ as the 
sole source of dietary vitamin <7. 


nnrr containing raw rruitr diet containing fortified 

AND YEGKTABDRS APDLK .TXTICE 


NtOi.lEPT 

Piisal oxcTctioUH 

After 2()0-mff 

Basal exerctious 

After 200-im? 


1 sf 24 
hmii-H 

'ind 24 
hours 

Srd 24 
hours 

test dose of 
ascorbic acid 

1st 24 
hours 

2nd 24 
hours 

Hrd 24 
hours 

test dose of 
ascorbic acid 


Wff 

uiu 

mg 

mg ft fit 

24 hours 

mg 

mg 

mg 

mg fist 

24 hours 

J. c. 

36 

45 

57 

141 

48 

41 

42 

139 

E. M. 

74 

61 

59 

172 

53 

44 

50 

141 

D.M. 

40 

44 

43 

163 

41 

40 

37 

96 

M, H. 

67 

59 

57 

199 

36 

28 

31 

141 

H.H. 

oo 

23 

27 

103 

36 

52 

39 

121 

Average 

48 

46 

48 

156 

43 

42 

40 

128 


^Fortified from its content of 0.7 in^ to 30 mg of nseorlrie acid per 

120 ml. The fortified apple juice (460 ml per day) was taken in one-third portions 
at the end of each meal. The total intake of ascorbic acid was 115 mg per dar, 
the same as that derived from the diet containing the raw fruits and vegetaldes. 

In table 3 are listed the urinary excretion values ol^taiued 
during the Control (raw fruit and vegetable) and Test (forti- 
fied apple juice) Periods. Tbe differences in both tbe average 
basal and tlic test dose excretion values for the 2 ireriods 
were found not to be statistically significant (t = 0.8 and 1.5, 
respectively).’’ It may therefore be concluded that the ascorbic 
acid in tbe eniicbed apple juice is available to tbe same extent 
as the vitamin contributed by tbe raw fruits and vegetables 
in a natural, adequate diet.® These data, together with tbe 

‘A t'Tulue of 2.3 would indicate that the clifPeronce between the averages of 2 
sots of 5 observations is significant (95% probability). 

* Considering that the average urinary excretion value for the 5 standardized 
subjects is reproducible to within ±10% (Melniek, Hoehberg and Oser, 45), 
it is apparent that the figures for comparative availability of the ascorbic acid in 
the fortified apple juice fall xvithin the lijiiits of precision of the biohigical assay. 
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results of tLe in vitro aet-clei’ated holding tests (see table 1), 
support the view of sonic nutritionists that apple .iuiee is a 
favorable A-ebiele for supplying ascorbic acid to the hunian 
dietary. 

The results of the assay presented do not answer the ques- 
tion whether or not the stabilizing factors occurring naturally 
in fruits and vegetables augment ascorbic acid availability. In 
both the control and test period.s sufficient quantities of the 
unknown stabilizing agent may have been suiiplied to permit 
optimal absorption and utilization of the vitamin. That apple 
juice also contains factor.s which favor ascorlhc acid stability 
has been demonstrated in tests previously described. To in- 
vestigate the effect of the stabilizers, it is necessary that the 
ascorbic acid be taken during 1 of the periods in pure aqueous 
solution along with a basal ration free of all fruits and 
vegetables. Such a study was, therefoi’e, also conducted. 

In order to accentuate possible differences in urinary 
excretion values, the basal ration wa.s .siqiplenicnted with only 
50 mg of ascorbic acid. This quantity in a. natural diet is 
generally considered to be well above the mininium daily re- 
(piirenient (Federal Pood, Drug’ and fhsmetie Act, ’41). It 
is conceivable that wlien the ascorbic acid is taken in pure 
aqueous solution as a supplement to the ascorbic acid-free 
diet there might bo negligible excretion of the vitamin in the 
urine, whereas administration of the vitamin in the apple 
juice containing stabilizing factors might be followed by 
appreciable excretion of the vitamin. If, in tlie absence of the 
stabilizing factors, excessive destruction of ascorbic acid oc- 
curs in rivo, depletion of tissue stores might result. Tins 
would be particularly evident from the excretion values ob- 
tained following dosage with the 200-mg test dose of extra 
ascorbic acid. 

The time schedule of the second study was similar to that 
in the first. The same period was allowed for adjustment to 
the intake of 50 mg of ascorbic acid. Four consecutive urine 
samples wore then collected. The first 3 were analyzed for 
estimation of the basal excretion value; the fourth for the de- 
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termination of tlie tissue stores of this vitamin as reflected 
by urinary excretion following postprandial ingestion of a 
200-mg test dose of extra ascorbic acid. During the interval 
between tlie 2 urinary excretion studies, the subjects subsisted 
on a customary adequate diet furnisbiug approximately 115 
mg of ascorbic acid per day. The urinary excretion values 
demonstrated that such an interval was ample to allow the 
subjects, on completion of the first portion of this study, 
to return to the state of nutrition they Avere in prior to the 
second phase. 

T.iBLE 4 

Urinary vxerciion of dietary and extra ascorhie acid hy subjects ingesting a 
vitamin C-free diet supplemented with fortified apple juice or with a 
-pure a( 2 ucons solution of ascorbie acid. 


DIET SUPPDKMENTED WITH DIET SUPPDEMENTED WITH AQUEOUS 

FORTIFIED APPLE J U1 CE - ASCORBIC ACID SOLUTION 


SITBIKCT 

Basal oxeretions 

After 200-mg 

Basal excretions 

After 200-mff 


1st 24 
hours 

2n<l 24 
hours 

?,rd 24 
hours 

test dose of 
ascorbic acid 

1st 24 
hour.s 

2nd 24 
hours 

3rd 24 
hours 

test dose of 
ascorbic acid 


mg 

mg 

mg 

mg /I fit 

24 hours 

mg 

mg 

mg 

rag fist 

S4 hours 

J, C. 

15 

13 

S 

32 

14 

17 

13 

52 

E. M. • 

11 

1 3 

35 

50 

13 

7 

7 

18 

D. M. 

12 

32 

32 

24 

18 

16 

12 

46 

M. K. 

9 

9 

4 

:i6 

11 

14 

10 

29 

1^. 0. 

n 

15 

8 

47 

36 

16 

15 

58 

ATurago 

32 

32 

9 

34 

14 

14 

11 

41 


‘ Fortified from its oris'iH!il (•oiitent of 0.7 mg to 30 mg of nseorbic .acid per 
120 ml. 

^Botli supplements f uriii.sliod uu mg of ascorbic acid imr day. 


In table 4 are listed the urinary excretion values obtained 
in the second availability study. Here also there w’-as little 
difference in either the basal excretion figures or in the total 
values following dosage with extra ascorbic acid. No greater 
destruction occurs in vivo when the vitamin is taken in jiure 
aqueous solution free of the stabilizing factors in fruits and 
vegetables. Indeed, calculations of the availability of ascorbic 
acid in the fortified apple juice gave values appreciably less 
than 100% wdien eoiipiared with the data obtained after dosage 
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\vit]i ilio aqueous vitamin solutions. The differences in both 
the average basal and the test dose excretion values for the 2 
lieriods are, however, not statistically significant (t==1.2 and 
0.5, i-espectively).” It may therefore be conchicled that the 
.stabilizing factoi-,s in apple juice ro.sponsible for greater 
.stability In vitro do not increase the availability of ascorbic 
acid to the organi.sin. It would also folloiv that the enhanced 
biological potency of ascoidiic acid in apyile juice claimed by 
(Irairipton and Builon (’46) i.s not due to a factor which 
permits greater absorption and more effective utilization of 
the vitamin, but iiossibly to the use by the.se iiii'e.stigatoiv of 
an assay procedure which is not specific for ascorbic acid 
alone but also e.stimates the activity of a covitarnin (possibly 
citrin) required for the develoymient of the odontoblast 
cells of the incisor teeth of guinea pigs. 

Since in the first as.say comparing the availability of as- 
corbic acid in fortified apple juice with that in a dietary 
containing raw fruits and vegetables, no significant differences 
in urinary excretion response.s were observed, one may gen- 
eralize by saying that the stabilizing factors in fruits and 
vegetables Avhicli protect ascorbic acid in vitro are ineffective, 
in the digestive .sy-stom, in increasing ascorbic acid availability. 
Either the peilod for this effect to become apparent in vivo 
is too short or other protective factors may be jiresent in the 
basal ration oi’ in the digesfive juices which mask tlie activity 
of the ascorbic acid stabilizing factors supplied by fruits and 
vegetables. 


SUMMARY 

Ascorbic acid is far more stable in fruit juices than in aque- 
ous solutions. HoAvever, the stabilizing factors are ineffective 
in the digestive system in increasing ascorbic acid availability^ 
On the basis of both in vitro and in vivo studies, it is con- 
cluded that apple juice is a favorable vehicle for ascorbic acid 
in the human dietary. 

li is to be* ex|iecte(l tliat tlio rpprotbh'iliilitv nf the exvrotioti i’ds]Kmsos would 
be poorer wlieii the urinary aHiairbie aeid values are Biuall. 
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VITAMIN A JNTAKE JN ('ATTLE IN URINATION TO 
JlEI’ATrO STOEES AND BLOOD LEVELS' 


I'AUL K*. FltKY, IIUK .IKNMKN AND W, H. (‘DN’N.Bl.L 

nrjHU't )tit ills o/ ('lu'inisf 1 1/, Vf'tn'hinnj Pdlhohifiii and Haai ariaJaftif^ anfl Juinatl 
JJ iisha/ulrji^ Ptdarada J /ft'itailhiraJ K.rpcrimnil Shdia/i, Fnrl f'idlin\ 


ONE EK^OEE 


(R.et'elvvd tor publicBtuoi Jiiiio 4, Ii)47) 


The ]-elation of vitamin A intake in animal.s to lK‘])atie 
stores and Idood levels has lieeii reported in a nnmhor of 
pai>ers. Lewis et al. (’42) determmed hepatic stores and 
blood levels of vitamin A in rats after fi weeks on a diet 
containiiii^' from 0 to 1000 T.Ik of vitamin A daily. Vitamin A 
blood levels were found to roach a maximum witli a daily in- 
take of 100 LU. Hepatic stores of vitamin A increased with 
increased intake throughout Ihe i-ani>>'e of vitamin A fed. ( ’ald- 
W(*ll et al. (’45) studied he])a1i(' slores of rats receiving' 2, 
(i, and 12 LU. of vitamin A per gin of dry ration during an 
«‘X])erimontal xjuriod of 200 days. The animals receiving 6 
and 12 LU. showed increasing hepatic stores of vitamin A 
throughout the experimental period. Eraun (’45) studied 
hepatic stores and Wood levels of carotenoids and vitamin A 
as affec'ted by seasonal change and rations. Seasonal change 
in lilood vitamin A levels was found to depend upon the caro- 
tene and vitamin A intake. Significant differences were found 
in hepatic stores of vitamin A in S of 4 dietary grouii.s studied. 
Baumann et al. (’34) sliowed that 95’/f of the vitamin A stores 
in the I'at are to be found in the liver, providing the body^ 
stores of vitamin A are adequate, (luiiliert and Hart (’35), 

’ nolorado Agrivuliiirtil Exi'ierimeiit fitiition, Seiutitifip Artklt* no. 24iU 
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working with cattle, found 93% of the body stores of 
vitamin A in the liver. The principal stores of carotene were 
found in the body fat. Frey and Jensen (’46) showed that a 
rapid decrease in liepatie stores of vitamin A and carotene 
occurred in cattle on a fattening ration consistent with good 
feeding practice. Riggs (’40) has shown that night blindness 
will develop in cattle in from 46 to 266 days on a ration 
practically devoid of carotene. The time required to produce 
night Windness was found to depend upon age, the nature 
of the ration, and the ration fed previously. 

In the present jniper data are presented on hepatic stores 
and blood serum levels of vitamin A and carotene in cattle 
on a carotene-free basal ration containing varying amounts 
of vitamin A. in the form of high potency fisli oil. The paper 
represents in part an investigation of the cause of liver 
abscess formation in cattle. The experiment was based on 
data derived from 2 previous experiments (Frey and Jensen, 
’46; Jensen et ah, ’47). 

ESPEBIMENTAL DESIGN AND EESULTS 

One Imndi’ed and fourteen Hereford steers of about 8 
months of age were taken from native grass pasture and 
divided into 6 lots of 19 animals each. Lot 1 Avas slaughtered 
at the beginning of the experiment to determine the initial 
stores of vitamin A and carotene in the blood and liver. 
The remaining 5 lots were placed on experimental rations 
December 7, 1945. Table 1 gives the basal ration and vitfimin 
A supplement foi- each lot. The rations Avere hand fed in 
amonnts demanded by the animals for maximum consumption. 

The vitamin A supplement aa’HS prepared by mixing a high 
]jotency oil, guaranteed to contain not less than 200,000 I.IJ. 
of vitamin A per gin, with a Ioav potency oil to give a mixture 
containing ap))roximatcly 25,000 I.U. per gm. The vitamin A 
content of the mixture Avas determined colorimetrically by 
means of tlie (’arr-Price reaction (Farr and Price, ’26) using 
an x\minco tytie-F jhiotoeiectric colorinudei’. (Crystalline vita- 
min A alcohol Avas used as the reference standard. One gg 
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of A alcoliol was consklercil eqnivakoil to 4.3 J.Ia of 

vitamin A. Tlie Antamiii A-coiitahiiiig’ oil was mixed ivell with 
the rolled barley, this in turn being- mixed with the other ration 
constituents in the feed trougii. The animals were weiglied 
at 28-day intervals and the vitamin A supplement adjusted 
to give Ibe intake per jionnd Aveiglit of animal as given in 
table 1. 

TAKIiK I 

i^i1(Uiibi J Is, (fvcratfr diiihj rations, trcit/Jif t/ains, and (jradc of vamiss. 


LOT. NO. 



t 

5 

(1 

LIT. vitiuaiii A/I1 l luxly wt. thiily 

tl 

20 

Jlio 

200 

.500 

Avorago daily rations (Ih. ) 

Kolled barloy 

4.r>() 

0.08 

5.53 

5,58 

5.58 

Dried beet pulp 

4.47 

0.47 

5.44 

5.47 

5.47 

Wot beet pulp 

4.SS 

0.42 

5.44 

5.41 

5.:39 

Ground oat straw 

2 . 4:1 

2.62 

2.62 

2.60 

2.65 

Gottousood iiioal 

0.94 

0.99 

0.99 

0.99 

0.99 

Mineral 

0 . 0:3 

0 . 0:3 

0.05 

0.05 

0.04 

Suit 

0.04 

0.05 

0.05 

(1.07 

0.00 

Average initial wciglit (ib.) 

400 

461 

460 

461 

460 

A.vorago woi^lit — Did days 

700 

S4(i 

8:44 

S4ii 

849 

Av<‘ra^j[(‘ weight — ‘J77 days ( 11 ). i 

842 

999 

99:3 

10(10 

1025 

Avora^^o daily gain (ib.) 

1 .7)2 

2.07 

2.0,4 

2.07 

2.14 

(bworninoiit ^rado of oarras.s 

(dioieo 

0 

11 

!) 

12 

n 

Good 

9 

8 

10 

7 

8 

( Vmmiorrial 

ik 

0 

U 

0 

0 

Gondoiniiod 

1 

0 

(i 

0 

0 


lllood samples were taken from each lot of animals at 27 
and 83 days. Nine animals from each lot were slaughtered after 
Ififi days of the experiment and the remaining 10 at 280 days. 
Liver tissue was obtained from each animal at the time of 
slaughter. Blood samples were taken from the animals at 
the last weighing previous to slaughter, corresponding to 159 
and 277 days, respectively. The sampling teclmiipie and 
methods of analysis for vitamin A and carotene in liver tissue 
were tlie same as described liy Prey and Jensen (’4G). Sm-um 
vitamin A and carotene were detm-mined by the nnhliod of 
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Kimble (’39). The I’ation const itiieiits contained no carotene 
or prefonned vitamin A. 

DISCUSSION OE’ RESULTS 

In table 1 are given the average daily consumption of ration 
constituents and the weight gains in pounds for each lot 
(hiring the experimental period of 277 days. The animals in 
lot 2 show an average daily gain of 1.52 pounds as compared 
to an average of 2.08 ])ounds for the other 4 lots. The car- 
casses ill lot 2 showed less finish and graded lower tlian did 
those in the other lots. The 4 lots receiving vitamin A supple- 
ment graded about ecpially, indicating that an intake of 25 
LU. of vitamin A per pound body weight daily is sufficient to 
maintain finish. 

Indications of vitamin A deficiency were oliserved in the 
animals in lot 2 dui'ing the fourth month of the feeding iieriod. 
Typical eye involvement with impaired vision, as manifested 
by some change in the ability to discern objects in daylight, 
Avas observed in 8 of the 10 aniniala in lot 2 at 277 days. 

The data in table 2 give the average values found for serum 
levels and hejiatic stores of vitamin A and carotene for each 
lot while on the experimental rations. Tlie serum levels of 
carotene decreaswl rapidly. At the 83-day period and there- 
after no trace of carotene was found in the sernin. This is in 
contrast to the hepatic stores where definite amounts of car- 
otene were found at 280 days. At the end of 27 days the 
carotene content of the serum had drop])ed to approximately 
I the initial value, there being no significant difference between 
lots. In lot 2 the serum values of vitamin A reached a maxi- 
mum at 27 days. Subsequent values at 159 and 277 days 
showed a rapid decrease of vitamin A. Lot 3, Avhich received 
25 I.U. of vitamin A per ])ound body iveight daily, sboived in- 
creasing serum values u]) to 83 days. BetAveen 83 and 159 
ilays the serum levels of A'itainin A started decreasing. Lot 
4, Avhich receiv’cd 100 I.TJ., showed increasing serum leA'ols 
of vitamin A foi- 15i) days. Lot 5, Avliicli received 200 LIT., and 
lot (), Avhich received 500 LIT. shoAved similar patterns. Each 
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slioweci ineveasilig levels of serum vitamin A througiiout the 
experimental period of 277 days. An intake of 200 I.U. or 
more of vitamin A per pound body weight daily was sufficient 
to meet requirements in addition to increasing serum levels of 
vitamin A. Under these experimental conditions an intake of 
between 100 I.U. and 200 I.U. of vitamin A per pound body 
weight daily maintained a nearly maximum serum level. 

The increasing loattorn of serum vitamin A in lots 2, 3 
and 4 up to 27, 83 and 159 days, respectively, is difficult to 
c'xplain. The aivimals had been shipped from the Texas Pan- 
handle and placed on native grass pasture about 3 weeks 
prior to being placed on experimental rations. It is probable 
that the animals were in the process of building up hepatic 
stores of carotene and serum vitamin A at the beginning of the 
experiment. One would expect a time factor to be involved 
in establishing blood levels of vitamin A from hepatic stores 
of carotene 'when the latter are increasing. Since these con- 
ditions most likely prevailed it is possible that the relatively 
large hepatic reserves of carotene were responsible for the 
increasing serum levels of vitamin A that were observed. 

At the end of 166 days the average hepatic stores of caro- 
tene had dropped from 3.6 ng per gm of liver to 0.61 gg. At 
the end of 280 days the average carotene content was 0.28 gg 
per gm of liver. As previously shown by Prey and Jensen 
(’46), the rate of depletion of hepatic stores of vitamin A 
and carotene diminishes with decreasing hepatic stores of 
either of the 2 constituents. Hickman (’46) postulated the 
existence of a half-time recovery or depletion period for body 
stores of a vitamin. On the basis of such a theory the greatest 
loss of carotene stores would be predicted to occur during the 
initial period of the experiment. The small difference in the 
hepatic reserves of carotene for the different lots at 166 and 
280 days indicates that vitatnin A does not exert fin appre- 
ciable .sparing action on hepatic stores of carotene. 

The vitamin A content of the livers of the animals in lot 2 
was found to bo 0.2 gg per gm of liver after 280 days on a 
carotene-free ration. The significance of such, a low value is 
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qiiesliouable wben one considers the infinencc of interfering' 
siiiistanees in tlie C^arr-Priee reaction. The animals receiving' 
200 T.P. or leas of vitamin A per pound body weight daily 
showed decreased hepatic stores of vitamin A at the (uul of the 
experimental yieriod of 280 days. Those receiving 500 I.U. 
sliowed increased liepatic stores at the end of the experimental 
period. No significant increase in hepatic stores of vitamin A 
was fftnnd between 166 and 280 days. 



Fig. 1 llpj>atie stores at 280 days, and blood seriiiu levels at 277 days, of 
vitamin A compared witli varying vitamin A snppltnneiits in IJJ. per pound body 
V'eiglit daily. 


In figure 1 hepatic stores of vitamin A at 280 days and 
serum levels of vitamin A at 277 days are compared with vary- 
ing* vitamin A supplements (tables 1 and 2). It Avill be ob- 
served that hepatic stores of vitamin A increase in practically 
a linear relationship with vitamin A intake. The serum levels 
of vitamin A show a rapid increase up to an intake of 100 
I.U. of vitamin A per pound body weiglit daily. Above an 
intake of 200 I.U. the rate of increase in serum vitamin A is 
small. This suggests that an intake of 100 I.U. of vitamin A 
per pound body weight daily is sufficient to maintain nearly 
maximum serum levels in cattle under the conditions of the 
experiment. This is supported by reference to hepatic stores 
of vitamin A as given in table 2. Hepatic stores of A'itamin A 
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began increasing above the initial values between an intake 
of 200 I.U. and 500 l.U. of vitamin A per pound body weig-bt 
daih" Avben the initial r-eserves were as given in table 2. 

Figure 1 shows no simple relationship to exist between 
senna levels and hepatic stores of vitamhi A. This suggests 
that the body mechanism controlling serum levels of vitamin 
A is different from that controlling hepatic stores. 

Table 2 summarizes the results obtained in making a com- 
parison of individual values between lots to determine the 


TABLE ;-! 

Orilmgonnl comparison of lots to determine the significance of hlood and liver 
values of viiamln A as (jiven hi figure 


LOTS 

COMPAIUA) 

a 

crx 

M.S.I). 


0.05 

0.01 


Blood 

— 277 days 



2 and 3 

4..17 

1,87 

3,90 

5.34 

3 and 4 

2.00 

0.90 

1.87 

2.55 

4 and 5 

S.84 

3.95 

8.27 

11.30 

5 niid G 

41.00 

18.40 

38.50 

52.60 


liiver 

— 280 days 



2 and 3 

0.51 

0.23 

0.48 

0.66 

3 and 4 

5.10 

2.28 

4.78 

6.53 

4 and 5 

10.30 

4.60 

9.62 

13.20 

5 and G 

32.50 

14.52 

30.40 

41.60 


1 O' = Btuiulard deviation; trx ~ standard error; M.B.I). — ininmmin si^n’ilicant 
difference between means at the a and 1% levels. 


significance of the average values shown in figure 3. The 
values for the minimum significant diffei-ences between means 
show that for blood levels of vitamin A the first 2 orthogonal 
comparisons differ very significantly, while the last 2 do not 
differ significantly. This indicates that blood levels of vitamin 
A, under the conditions of the experiinent, reach a maximum 
value at an intake of between 100 I.U. and 200 I.U. of vitamin 
A per pound body weight daily. For the liver values of vitamin 
A all 4 orthogonal comparisons show highly significant differ- 
euces. This indicates that hepatic stores of vitamin A increase 
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AvitJi iiiei'casing' intake of vilamin A tlirongiimit llie range fed 
in the experiment. 

SIJJIMABY AND OONOLITBIONS 

Hereford steers of about 8 mouths of age were maintained 
on a eurotene-free basal ration containing vitamin A ,supi)h‘- 
ments at levels of 0, 25, 100, 200 and 500 LIT. per pound body 
weight daily. Serum levels of vitamin A and enrol (Oie were 
determinod at 0, 27, 88, 150 and 277 days, and liejiatie stores at 
0, 160 and 280 days. 

The animals receiving only the basal ration showed a lowei' 
ration consumption and lower average daily gain than those 
I’eceiving vitamin A supjdement. The ration eonsumx>tiou and 
Aveight gains Avere about the same for all lots receiving vitamin 
A suiiplomcnt. 

Dietary vitamin A did not exert a sparing action on hepatic 
stores of carotene. Blood stores of carotene Avcre depleted 
sooner than were hepatic stores. Hepatic stores of vitamin A 
increased in practically a linear relationship AA'ith intake 
throughout the range of vitamin A supplement fed. Serum 
IcA'els increased rapidly up to an intake of 100 I.IT. of vitamin 
A per pound body Aveight daily. An intake of 100 I.U. of vita- 
min A per pound body Aveight daily Avill maintain nearly maxi- 
mum serum levels of vitamin A in cattle under the? conditions 
of the experiment. 

Serum kwels and hepatic stores of Adtamin A ap])car to be 
controlled by dilferent body mechanisms. 
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T. A IS' UTItrrrONAL FACTOU WUK’II ALIJ'JVJATKS TliM T^KH'ITV 
OF IXGK.STEI1 TnVIlOrU KlTr.HTANTG ' 

.lOKBPir .T. P.BTireTL, V. 1). WraUETiUATTS A^il) 1IENRV A. LAlfhV 
T)i'iiiii'l mnii of 'Jlificlicim.-ilrji, dullcfii: of AcjrU'iiUvir. 

Uniri'rnilii of Miolwim 

(ficc<fivc<I for jmliliriitloii .limo ‘Jli'l, 11147) 

Tlie iniportance of iintiilLOii in experhnonlal liyportliy- 
l oidisni and its effect on the eonrso of the sjmdroino have been 
emiihasized by many investigators. The vitamin requirenHoits 
of hyperthyroid animals appear to be increased. Abeliii (’30) 
found that increasing tlie casein content of a thyrotoxic diet 
decreased the severity of the symptoms. Tlie casein used was 
a crude preparation and may have carried f»ther essential 
nutrients ivitli it. There is a great deal of evidence which 
indicates an increased rc(|uirement for vitamin A (Abeliii et 
a]., ’30; Abeliii, ’33; von Euler and Klnssman, ’32; Logaras 
and Drummond, ’38; Sure and Buolianan, ’37b) and in guinea 
])ig*s for asi'orbic acid (Svirbely, ’35; Sure and Theis, ’30) 
during experimental hypertliyrodism. 

idlest attention has boon focused on the I'ilauiin.s of tlie B 
comiilex. These vitamins, where their function has been 
elucidated, have been found to be associated in the enzyme 
systems which yield energy to the organism. Tlie thyroid 
gland through its hormone appears to exert a regulatory 
influence on these energy-yielding metabolic jirocesses. At 
])resGnt, the si'ieciflc function of the thyi'oid hormone is not 
clear. 

^ Viildislu’d with tlio Dpprov.'d of I)Hv<d(u- of thu Wisvoiisiz! 

15xperiincnt. Siatioti. Supiiortocl in part liv tlic OoininittPie of the Grjolujilo 

Scliool .from finjils siippliotl by tlio Wisronshi Ahnniii KesonTch .FomiflMtioii. 
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It is quite logical to assume that an increased metabolic rate 
Avhich results from the administration of a tliyrotoxie material 
may necessitate an increased dietary intake of members of 
the B complex. The work of many workers confirms such a 
hypothesis (Abelin, '30; Cowgill and Palmieri, ’33; Himwich 
ot ah, ’31, ’32). The partial protective effect exerted by 
vitamin B] was tirst shown by Sure and Smith (’34), Sure 
and Buchanan (’37a) and confirmed by Drill and Sherwood 
(’38). Thyrotoxicity has been shown to be accompanied Iw a 
reduction of vitamin B, content of the tissues (Drill, ’37) and 
also of their coearboxylase activity (Peters and Bossiter, ’39). 
Vitamin Bi alone did not give as adequate protection as was 
obtained Avhen yeast or a yeast concentrate aa'Us added to the 
ration (Drill, ’37; Sure and Smith, ’34; Sure and Buchanan, 
’37a). 

As more members of the B conpAlex became available in 
pure form, their effects in counteracting thyrotoxicity wer(.‘ 
studied. Drill and Overman (’42) found that pyridoxine and 
calcium pantothenate Avere required in larger (quantities dur- 
ing experimentally induced thyrotoxicosis. Their ration con- 
tained a minimal quantity of yeast. Abelin (’45, ’46), feeding 
a crude ration, ohserA^ed a beneficial effect AAhen inassiA'o doses 
of calcium pantotheimte Avere administered to hyperthyroid 
rats. Ershoff and Hei-shbevg (’45) w-ere unable to alleviate 
the symptoms resulting- from thyi-oid administration by 
greatly increasing the calcium pantothenate level of tlie ration. 
Katzenelbogon, Alexrod and Ehmhjem (’41) observed that 
increasing the nicotinic acid content of the ration did not 
affect the gross symptoms of thyrotoxicity, but did qn-event 
the accompanying decrease in the coenzyme I content of the 
tissues. 

Ershoff and Hershberg ( ’45) found that rats fed a purified 
ration A-ery high in the members of the Autamin B comiffex 
knoAvn to be required by the rat greAv poorly Avhen desiccated 
thyroid AA'as added. The feeding of a yeast-containing ration 
resulted in much better groAvth and survival. This indicated 
that some factor present in yeast, other than the vitamins 
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added, exerted an antithyrotoxie efl'ect. Their purified ration 
did not contain inositol, biotin, nicotinic acid, folic acid, and 
p-ami noben zoic acid. 

The present investigation was nndortaken to dett'rniine the 
nature of tlie growth stimulating, antilliyrotoxic agent iu yeast 
and otber sources. It Avas designed to sliow wJietliei' tliis 
effect was due to one of tlie known meml)ers of the vitamin B 
complex or wlietlun- an as yet unknoAvn factor was res))onsible. 

rnocEDUiiE 

IStale, weanling albino rats of tbe 8])rague-l)awley strain 
and weigbing 35-45 gra were used in this study. It lias been 
shown by earlier work (Drill, ’38a, b) that male rats are more 
sensitive to administered thyroid substance than are females. 

T.\BDE 1 

Comp<fSitl(m of the rafiojis. 

K.VTiON A llATin.Vr. 


Ouseiii (liot aleoliol extracted) 22 

Rucrose 68 .;) 

Halts IV (Phillips and Hart, ^35) 4.n 

Coni oil a 

Pried ]>re\vt‘r’s yeast 

To each lij»‘ of the above rations the following' i'rysta.Uine vitaiiiiiis wen^ added: 
tliianiine hydrochloride 3 riliotlavin 6 114 ?, nicotinic acid 20 mg, pyridoxino 
liydrocdiloride 3 mg, e‘aiciiiiu ]»ai]tolhennt(* 3(i mg, choline ('hhnide 2 gm. p-aiiiiiio- 
benzoic, acid 50 mg, Inotin 0,1 mg, folic acid 0.25 mg, and hiOBitol .1 ^'m. Each 
animal received weekly 3 drojis of Abbott ITaliver oil U.R.P. (Tlaliver nil contains 
60,000 TJ.H.P. units of vitamin A and GOO U.H.P. units of vitamin 1) per gm/i The 
above rations contain all the known members of the vitamin P> eoiipdex, added in 
crystalline form. 

Each animal was boused in an individual niesh-liottomed cage 
and Avas Aveigbed AA’eekly. All animals Avere giA’cn food and 
AAmter ad libitiiw. 

Tlie composition of tbe rations used is gi\mn in table 1. 
Supplements Avere added to the basal as per cent of tbe 
liasal, unless otherwise indicated. In all experimcuils both 


22 

50.;*) 

4.5 

5 

12 
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negative and positive controls were included. Tlie negative 
control received tlie purified ration plus desiccated tliyroid, 
while the positive, control received the purified ration alone. 

After preliminary orieirting experiments, it was found 
that a 4-week growth period could be used as an assay of the 
antithyrotoxie properties of a material. This assay was used 
in these shidies. 

TABLE 2 


Bifeci on groioili and survival of graded amounts of inriesied thyroid snhstance. 


LdT 

X-0.^ 

KATION 

THYKOin 

CONI’ENT 

avekagb 

>SlIRVIVAn 

NO. 

ALIVE 

AFTER 

84 DAYS 

AVERAGE WEIGHT AT 


4 

weeks 

8 

weeks! 

12 

weeks 



itdtlPd - 



um 

,(/m 

ffm 

13 

A 

0.0 

84 

»> 

181 ± 19 

275 ± 23 

302 ± 33 

14 

A 

0.1 

83 

2 

340 ± 38 

395 ±17 

172 ± 16(2) 

15 

A 

0.25 

38 

0 

98 ±1 8 



36 

A 

0.5 

35 

0 

72 ± 3(2)^* 



17 

B 

0.0 

84 

3 

162 ± 27 

256 ± 48 

300 ± 60 

38 

B 

0.1 

84 

3 

154 ± 21 

198 ± 8 

207 ± 35 

19 

B 

0.25 

71 

2 

129 11 

3 79 ± 3(2) 

186 ± 7(2) 

20 

B 

0,5 

39 

0 ‘ 

109 It 16 




^ Three rata per lot. 

®Tho desiccated thyroid pi'eparation used in the above experiment was Parhe- 
Pavis Desiccated Thyroid gland. It was 50% stronger than TJ.S.P. and contained 
0.3% iodine in organic eomhination. 

^ The experiment was terminated after 84 days. Where any of the animals sur- 
vived the full length of the experimental janiod, 84 days was averaged into the 
survival to obtain the average survival. 

* Numbers in parentheses indicate the nnmber of animals still alive at that time. 

BPSULTS 

In preliminary experiments it was found that the levels 
of desiccated thyroid fed by Ersboff and Hersbberg (’45) 
were too bigb for the strain of rats used in these studies. 
This may also have been due to sex differences. On dietary 
levels of 0.5 and 1.0% desiccated thyroid, no protective effect 
of yeast could be demonstrated. 

Table 2 summarizes the experiment performed to determine 
the optimal level of desiccated thyroid at wbicb changes in 
growth and survival due to yeast administration would be 
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most maTkecl. Desiccated thyroid was fed at levels of 0.0, 0.1, 
0.25, and 0.5'/ added to the purified (ration A) and yeast 
(ration B) rations. The data (table 2) indicate that there was 
a graded response to the various levels of thyroid fed. Tliis 
especially can be seen for the growth depression and i.s also 
]-eflected in the survival data. A comparison of lots Ifi-Ki 
with lots 17-20 clearly shows that yeast exerted a marked 
antithyrotoxic effect. The differences in growth and survival 
resulting fi-oin yeast feeding were most marked on a level 
of 0.25% desiccated thyroid. Therefore this level was used in 
all subsequent experiments. It can also be seen that a ration 
(A), containing all the known B vitamins at levels which were 
much higher than adequate for normal animals, ivas incapable 
of supporting a good rate of grmvth when supplemented with 
thyroid. 


Other possible antithproioxic nuiterials 

The efficacy of a number of other materials in exerting an 
antithyrotoxic effect was determined. Since there is no agree- 
ment in the literature (Drill and Overman, ’42; Abelin, ’45, 
’46; Ershoff and Hershberg, ’45) concerning the effect of 
pantothenic acid on tliyrotoxico,sis, the action of very large 
quantities of this vitamin was determined. Two groups of 
rats (table 3, experiment A) were fed the jnirified ration and 
a low and high level, respeeti%'ely, of calcium jiautothenate. 
The animals receiving 330 mg of the vitamin per kg of ration 
showed no significant improvement in growth or survival wlien 
compared to those receiving 30 rag per kg of ration. It may 
he concluded that an augmented intake of calcium pauto- 
thenate exerted no beneficial elf eel in the,se experiments. 

Alopecia has been shown to he a symptom of inositol deti- 
cieiicy in mice CWoolley, ’41) and rats ((hiuha et ah, ’43). 
The reported occurrence of alopecia during the cour.se of 
thyrotoxicosis (Brshotf and Hershberg, ’45) indicated a pOvS- 
sible increased requirement of inositol for rats receiving 
desiccated thyroid. Lots 22 and 24 (table 3, experiment A) 
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flemonstrated that ttie addition of 2% inositol to tlie thyroid- 
containing ration exerted no antithyrotoxic effect. 

In attempts to find other sources of the antithyrotoxic f ac- 
tor (s), dried wliole liver powder,” yeast nucleic acid, and 1 : 20 
liver powder,” were fed. A comparison of lots 22 and 25 
shows that the dried liver preparation fed at 5% of the ration 
is an excellent source of the antithyi’otoxic factor(s) ; an 
average weight difference of 62 gm was noted at the end of 4 
weeks. The beneficial effect of liver was exhibited throughout 
an 11-week period wliile all of the rats in lot 22 died after G 
to 8 weeks. 

Dined whole liver, when added at a 5% level, exerted a 
greater beneficial effect than did 12% dried brewer’s yeast. 
This marked protection, by dried Avholo liver powffer, wms 
reflected in both growth and survival of the animals. Dried 
whole liver powder Avas also found to be active AA'hen fed at a 
3% leAml (experiments C and D, table 3). 

The addition of 5 gm of liver poAA’der 1:20- (roughly equi- 
A'alent to 30 gm of dried Avhole lAer powder) per kg* of ration 
had a marked protective effect as is clearly shoAvn by a com- 
parison of lots 38 and 40. The effect of yeast nucleic acid 
Avas determined since this substance occurs in high concentra- 
tion in dried yeast. It can be seen from the data in table 3 
(experiment B) ihat the addition of 0.5% yeast nucleic acid 
had no beneficial effect. 

A comparison of lot 28 AA'ith lot 35 indicates that yeast 
still exerted some antithyrotoxic action AA’hen added to the 
ration at a leA’el of 5%. 

StahUif jj of the antithyrotoxic activity of liver 

In order to determine the stability of the antithyrotoxic 
inaterial(s) in liver, dried Avhole liA’er poAAuler Avms subjected 
to the rather drastic treatments described beloAA*. The dry 
])OAvder Avas suspended in 2-3 times its weight of distilled 
Avater and then divided into 3 portions and treated as folloAvs : 

^ Wilson. 
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Oue sampJe was autoclaved for 1 liour at 15 pounds. The other 
2 were adjusted to pH 1.0 and 10.0 with hydrochloric acid 
and sodium hydroxide, respectively, and tlieu autoclax’ed for 
1 hour at 15 pounds. These were then neutralized with sodium 
hydroxide and hydrochloric acid. Each of the 3 ]n-eparations 
was dried and ground to a fine powder before use. 

The treated preparations were fed at levels equivalent to 
5% whole liver powdei- in 1 experiment (B) and at a 3% 
level in another (D). The data in table 3 indicate that, at 
either of the levels fed in these studies, none of the above 
treatments resulted in a loss of the antithyrotoxic activity of 
the whole liver powder. 

In a subsequent experiment an extract of dried whole liver 
powder which had antithyrotoxic activity xvas heated at 100“C. 
for 12 hours with no loss of activity. It can be concluded 
from the above experiments that the activity of dried whole 
liver powder as an antithyrotoxic agent is not destroyed by 
heating in water, acid, or alkaline solutions. 

DISCUSSION 

The data presented clearly indicate that there is present in 
liver a f actor (s) which is essential for the growth of rats 
suffering from exjierimentally induced hyperthyroidism. 
When the ration contained all known members of the vitamin 
B complex, at levels much higher than accepted adequate 
levels, thyrotoxicity was sevei'e; also, further addition of cal- 
cium pantothenate and inositol gave no protection, whereas the 
various liver preparations exerted antithyrotoxic effects. 
In other experiment.s, too detailed to describe in this paper, 
doubling the vitamin lei'els described in table 1 had no notice- 
able effect on growth and survival. 

It may well be that thyroid feeding increases the require- 
ment of the growing animal for some as yet unknown f actor (s) 
which the animal ordinarily obtains in adequate quantities 
through tissue or intestinal syntliesis. Another possibility 
which must be comsidered is that thyroid feeding results in 
decreased syntliesis of some factor{s) es.sential for growth. 
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TABLE ;; 


Soiirccs and sf ability of the autiihyroloxie factor (s). 


LOT 

KATIO^S 

TIIYRO-m 
SUnSTAU CE " 

SrniU.EMENT 

AVKliAGE 

AVE[«HT 

4 WEEKS 



%, added 

ExpcrimcM A 

nut 

21 

A 

0.0 

None 

154 ±: 30 

Oi) 

A 

o.2n 

None 

81 -t 10 


A 

0.2n 

300 injiy calcium pantollienate 
per of ration 

2% inositol 

05 rti 15 

2-i 

A 

0.25 

78 H; 16 

20 

A 

0.25 

5%' dried whole liver substance'^ 

143 ±: 1] 

20 

B 

0.25 

None 

12^1 13 




Experiment B 


27a 

A 

0.0 

N one 

159 ± 2 

271) 

B 

0.0 

N'oiie 

177 A: 6 

28 

A 

0.25 

N'oiUi 

103 ±: 1 

29 

A 

0.0 

5% dried whole liver powder 

195 zfc 9 

30 

A 

0.25 

5% dried whole liver powder 

139 ± 15 

31 

A 

0.25 

5%' autoclaved whole liver powder 

159 rt 6 

32 

A 

0.25 

5% whole liver powder auto- 
f'laved in acid solution 

147 15 

33 

A 

0.25 

5% whole liver powder aiito- 
(daved in alkaline solution 

147 ±: 11 

34 

P. 

0.25 

Nono 

141 ± 10 

3r> 

A 

0.25 

5% dried brewer ks yeast 

135 ± 13 

30 

A 

0.25 

0.5% yeast iiuchdc acid 

94 ± 12 


Experiment C 


?>7 

A 

0.0 

N one 

189 ± 9 

3S 

A 

0.38 

Ah)ue 

119 4 

39a 

A 

0.0 

3%j <iried wdiolc liver powder 

190 It 10 

39 

A 

0,38 

3% dried whole liver powder 

141 It 1 1 

40 

A 

0.38 

5 liver powder 1 : 20 per k^ 





of ration '* 

142 i: 10 




Experiment 1) 


52 

A 

0.0 

None 

179 ± 14 

53 

A 

0.38 

None 

129 ± 3 

59 

A 

0.38 

3% whole liver powder autoclaved 





in alkaline solution 

163 i: S 

60 

A 

0.38 

3% dri(‘d whole liver powder 

142 ± 13 


^ Four rats per lot. 

^ Tile desiccated thyroid used in (‘xpcM’iintuits A and P> of tlio table was a Parke- 
•liavis (0.3% iodine) jjrcparation ; in C and 1), Wilson desiccated thyroid U.R.P. 
(0.2% iodine) was used. The substitution was made on an equi-iodine basis. 

^ Wilson. 

^ Liver powder 1: 20 CWilson) is ]>re])arcd by water extraction of whole livor. 
One gm is equivalent to 20 ^^ni of fresh liver. 
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Still a third alternative is that liver and yeast contain a sub- 
stance which directly antagonizes the action of the thyroid 
hormone. Further work is necessary to determine how the 
beneficial effect of liver in counteracting thyrotoxicity is 
exerted. 

The antitliyrotoxie factor(s), as can he seen from the data, 
is not destroyed by heating in neutral, acid, or alkaline sus- 
pension. Its presence in liver powder 1 : 20 •'* indicates it to 
be water soluble. The factor (s) reported in this paper does not 
appear to be identical with the monkey auti-auetnia factor 
(also i)i‘esont in liver) reported recently (Jiueganiin’ et ah, 
’47) since the latter factor is lieat labile. 

While this paper was in preparation, Ershoff ( ’47) report o<l 
the presence of a factor in liver, other than the known B 
vitamins, which was necessary for tlie growth of iinniatnia^ 
rats fed desiccated thyroid. The results reported in this paper 
are in agreement with his data. Work is no-^v in progress on the 
fractionation of liver preparations in order to deteimine the 
properties of, and to purify the active material observed in 
these studies. Progress which has been made in that direction 
Avill be repoided in a later paper. 

SUMMARY 

1. The presence in yeast of an antithyrotoxu' lln-tor, which 
has been pireAdously reported, has been confirmed in tlicsta 
studies. 

2. Liver has been found to be a better source of the anti- 
thyrotoxie material than yeast. This factor is not one of the 
known B A’'itamins. It is heat stable and under llie ex^ieri- 
mental conditions employed is not destroyed by autoclaving’ in 
acid or alkaline solution. 

3. Calcium pantothenate and inositol did not exert an anti- 
thyrotoxie effect ivhen fed at voij high levels in a purified 
ration. 


® Wilson. 





440 J. .T. BETIiEIL, V. D. WIBBBLHAUS AND H. A. LARDY 


ACKNOWLEDGMENTS 

We are indebted to Ablwtt Laboratories, North Chicago, 
III, for Haliver Oil ; to Merck and Co., Rahway, N. J., for crys- 
talline vitamins; to the Wilson Laboratoi’ies, Chicago, III, 
for liver powder 1 : 20, dried whole liver powder and desic- 
cated thyroid U.S.P. ; to the Lederle Laboratories, Inc., Pearl 
River, N. Y., for synthetic folic acid. 

LITEEATUBE CITED 

Arblin, I. 1930 Eniabrung luul Schilddriiyenwirkung. I. Einfluss des Caseins 
auf <leii hyperthyreotisehcn Stoffweehsel. Bioehem. Zeitsehr., ^^8: 
165. 

3P33 tiber die Bezieluingen zAvisehen Carotin (Vitamin A) mid Thy- 
roxin. Zoitschr. f. Physiol. Chein., : 109. 

1945 tiber die antithyreotoxische Wirkung der Paiitothensaiire. 

Exjierieiitia, 1: 231. 

194.(} tiber den .Einfluss der Pantothensaiire auf den Verlauf der 

experimentelleii Thyreotoxikose. Zeitsch. f. Yitainiiiforschung, 17: 
143. 

Arelin, I., M, Kitoohel and W. Spichtust 1930 Ernahrung und Schilddriisen- 
wirkung. II. tiber die Bedeutnug der Vitamiiie fiir den Verlauf der 
experimentelleii Hyperthyreose. Bioehem. Zeitsehr., 8:?8: 189. 
Cow’GiLL, G. K., AND M. L, Palmieri 1933 The effect of experimentally induced 
hyperthyroidism on the vitamin B requirement of pigeons. Am, J. 
Physiol., 105: 146. 

CYnha, T., 8. Kirkwood, P. Phillips and G. Bohsi^eidp 1943 Effect of inositol 
uj)on rat alopecia. Proe, Soc. Exp. Biol. Med., 54: 236. 

Drill, \\ A. 1937 The effect of yeast on the liver glycogen of white rats 
during hyperthyroidism. J. .Nutrition, 14 : 355. 

1938a The effect of experimental hyperthyroidism on the Bi con- 
tent of some rat tissues. Am. J. Physiol., 1^^: 486. 

193Sb Effect of Bi and B« complex on the loss of weight produced 

in rats by experimental hyperthyroidism. Proe, Soe. Exp. Biol. Med., 
89: 313. 

Drill, Y. A., and E. Overman 1942 Increased requirements of paiitothenie acid 
and vitamin Bg during experimental hyperthyroidism. Am. J. Physiol., 
135: 474. 

Drill, A . A., and C. B. Sherwood 1938 The effect of vitamin and the vitamin 
Ba complex on the weight, food intake, and estrnal cycle of hyperthyroid 
rats. Am. J. Physiol., IM: 683. 

Ershoff, B. H. 1947 Effects of liver feeding on growth and ovarian develop- 
ment in the hyperthyroid rat. Proe. Soe. Exp. Biol. Med., 64: 500, 
Erehoff, B, H., and D. Hershbbro 1045 Benefleial effects of yeast on the 
cardiac failure of hyperthyroid rats. Am. J. Physiol., 145: 16. 



studies of THYTIOID TOXIUITY 


441 


VON Eulee, H., axi> E. Klussman 1932 Oarothie (Vitaiiuri A) inul Thyroxin* 
Zeitsdir. f. Physiol. Chem., HIS: 21. 

IliMXVlCH, H. E.j W. Golbpakb ani> G* R. OowoiLL 1931 The vitfuuin B euinplex 
ill relation to food intake during liypia’thyroidism. Proi'. Soe* Ex]i. 
Biol. Med., ^S: 646. 

— 1932 The effect of thyroid adiinnistratiuii upon the anorexia. 

ehaiTicteristic of lack of undifferentiated vitjaiiin Th .Am. J. PliyHioL* 
m: 689. 

K.vrxENBLBOGF.N, E., A. E. Axelrod and C. A. ELVKiLfirAT .1941 Tim coeiizynn* 
I content of rat tissues in experiment.al hy]»erthyroitlisnj. J. Eitil. Chein., 
141: on. 

IjOgakas, G., AND J. Drummond 193S Vitamin A and the thyroid. IVioclieni. J., 
Se: 904. 

]*F/rERS, 11, A., AND B. d. Ros.siter 1039 Tliyroid and vitamin B,. lliodann. d., 
1140. 

Piiii.LJPS, Paud H., and E. B. ITar.p 1935 The effect of organic dietary con- 
stituents upon chronic tlnorine tosit'osis in the rat. J. Biol. Chem., 
tOf): 657. 

Kuegamer, W. E., j. M. Cooperman* E. M. Sporn, E. E. Snell and C. A. Elveh- 
JEM 1947 Comparative distribution of a stimulatory factor for 
Strepioccoem faemlis E and the monkey anti-anemia fact or. , Biol. 
Ohem., 167: 861. 

Sure, B., and K. S. Buchanan 1937a Aiitithyrogenie action of crystalline 
vitamin B. J. Nutrition, id: 513. 

1937b Influence of liypertliyroidisni on the vitamin A reserves 

of the albino rat. J. Nutrition, IS: 521. 

Sure, B., and M. E. Smith 1934 Vitamin Bi and thyroxin. J. Nutrition, 7: 547. 

Simu, B., AND E. M, Thets 1939 Influence of hyperthyroidism on vitamin O 
(uniteiit of various emioerines and tissues. Endocrinology, £4: 672. 

SviRBELY, d. L. 1935 The effect <if desiccated thyroid, a-dinitrophenol, and <for- 
tical hormone extract, on the vitamin C content of some organs of the 
guinea pig fed graded doses of ascau-bic a<'id. d. Biol. Chem., Ill: 147. 

Woolley, B. W. 1941 Identiflcation of the mouse anti-alopecia factor. J. Biol. 
CheriL, ISO: 29, 




THE EFFECT OF THE INOEBTION 

OF man levels of riboflawn of the 

AMOHFT IN THE MILK AND I TRINE ' 

1*. I!. nCAIiSON AND Ti. H. SCllWKIGERT 
Vcjrnrtment of Jjioclu (ind NnfriHon, Atjnevlinrdl and M>!ch(nural Collofjo 

of TexdSy ColJofjc; Station 


(J^R'oIvofl for pubiientioii Juno 22, .1047) 

During the course of studies on tlie effect of tlie ingestion 
of syntlietic thiamine, ribofiaviii, nicotinic acid and panto- 
thenic acid on the amounts of tliose vitamins in the milk of the 
cow it was observed that by the microbiological method the 
riboflavin content of the milk from cows fed the sjmthetie 
vitamins shoAved Auarying degrees of increase from none up 
to a maximum of a 2-fold increase. Usualh* the milk shoAA'ed 
a very distinct gTeenish-y<*lloAv coloi-, characteristic of acpieous 
solutions of I'ibofiaA’in. Bamijhcs of milk from cows fed j’ather 
largo amounts of riboflavin, when measured by the standard 
fluorometric proceduj-e, gave values ai)])roximate]y 5 times 
higher than the Audues ol)tained microljiolugically. 

This obseiwation suggested that at hmst in certain species 
the apparent riboflavin Amino of the milk folloAving the in- 
gestion of riboflaA'in might differ by as much as 500%. This 
posed a problem of both applied importance and possibly one 
of comparatiAm biochemistry of a species difference in metabo- 
lism of riboflaA'in. Fxirthermore it seemed important to de- 
termine by feeding experiments Avith rats Avhicli of the 2 assay 

^ Tho untliors uro indobtDtl to Merck rikI Coiripotiy for tlie riboJnviii, to J. A. 
tJrny for providiii”’ tbe alu>e[) used in tliose iiivt'stijxotions, ;hi( 1 to 'PotrLciM G. 
Mporks and TIeliui Keene for teclinieal sisslstancfb 
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procedures measured the true biological activity of the 
riboflavin iu the milk. 


experimental 

111 tliese studies milch goats and sheep were used since 
metabolism cages were available permitting the quantitative 
collection of Die urine simultaneously with tlie collection of 
tin; milk. Witli the goats the full amount of milk secreted was 
withdrawn from the udder, but with ewes it was not possible 
to obtain all of the milk. There was also a marked difference 
in the amount of milk produced by the goats, and for these 
reasons the data are more uniform and consistent when ex- 
I>ressed on a ml basis rather than on a 24-hour basis. 

The urine and milk were collected for 2 consecutive days. 
Two giu of synthetic riboflavin were then administered in a 
gelatin capsule for each of 3 consecutive days. The urine and 
milk were collected on the second and third day of ingestion 
of the riboflavin. Precautions were taken to prevent destruc- 
tion of the riboflavin in the milk and urine by photolysis. 

The urine and milk collected both before and after the in- 
gCAstion of riboflavin were assayed by the standard micro- 
biological methotl of Snell and Strong (’39). Riboflavin was 
also mea.sured by the flnorometric procedure ivith a Coleman 
phototiuoromcter after 3 different treatments of the samples. 
The milk was autoclaved with O.I M 1101 for 30 minutes. After 
adjusting the pll to about 4.6 the aliquot was made up to 
volume and flltered. The urine was merely adjusted to the 
proper jd-T and diluted. A sufficiently large sample was pre- 
pai’cd so that all as.says could he made from the initial 
prepai'ation. 

The milk and urine samples for the microbiological assays 
received no treatment other than that previously mentioned. 
The riboflavin was also measured fluorometrically for the 
milk and urine samples so prepared without any attemp)t to 
remove uon-riboflavin fluorescent compounds. This value is 
referred to in the tables as "mitreated” nnder flnorometrie. 
The second flnorometric procedure consisted iu treating the 
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diluted, urine or filtrate from tlie milk wiili potassium ])('r- 
manganate and hydrogen peroxide (Scott et al., ’4G). Tim 
values obtained by Ibis treatment ai'e referred to in the tables 
under the column headed “KMiiO,.” This fraeliou vas Iben 
adsorbed onflorisil and eluted with a. 20% pyridinG-2% acetic 
acid solution. The values obtained Iw ibis treatment are re- 
ferred to in the tables under llie eolmnii headed “ l\M'ii(')i plus 
tlorisil.” 

UKSULTS AND IilScrssiOX 

Mill- 

The data on the ribotlavin values foi- milk ubtained by the 
different analytical procedures are ju'esented in table 1. Since 


the goat 

and sheep 

rGS]:>ond(‘d in 

a similar 

manner 

tn the 



TABLE i 




Jp-parnrl riboflavin in poat\H and eire\s 

iitHL'. (Faints 

Nf /x(i per 

ini) 


DIETARY 

TREATMENT 


Kld'OROMETRlr 


A.VTMATj 5 

DJOEOGICAE 

riitreiitfvl 

Kjrno, 

tloat no. 1 

Basal 

.3.7 

4.0 

3.8 

3.9 

(innt no. 1 

liibofiaA’in 

4.3 

19.8 

20,0 

19.8 

Goar no. 2 

Basal 

3.4 

3.7 

3.7 

3.6 

r4oj{t no. 2 

RibofiaA’in 

3.5 

25.7 

25.2 

24.0 

Goat no. 3 

Basal 

2.4 

2.6 

2.5 

2.5 

Gnat no. 3 

RiboilaA’iii 

,3.7 

14.7 

14.3 

12,0 

fthctpp no. 1 

Basal 

5.7 

0.9 

6.3 

5.1) 

ftlieop no. 1 

Ribofla\’in 

(j.7 

44.8 

4.5.0 

34.2 

Slico]) no. 2 

Basal 

5.4 

6.3 

5.6 

5.2 

Shoe]! no. 2 

Biboliavin 

7.8 

37.6 

36.6 

20.2 


* The AYoights of the fuiimals starting with goat no. 1 and proc(?ecIing dnven the 
table Avere 50.0 kg, 43.6 kg, 47-7 kg, 54.5 kg and 50.9 kg. 


ingestion of riboflavin and have similar values for the milk, 
the data for the 2 species are considered together. 

The fluorometric valnes on the untreated normal milk aver- 
age about 15% higher than the microbiological values. This 
indicates that goat’s and ewe’s milk contain some non-rilm- 
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flavin fluorescent compounds. Treating witli potassium per- 
manganate and iiydrog’en peroxide gave values slig'Mly lower 
than the untreated values. The microbiological values agreed 
very well with the values obtained after treating with KMn0.j 
and adsorbing on florisil. The average riboflavin content of 
the 5 samples of normal milk by the microbiological method 
was 4.12 ng per ml as compared to 4.10 Mg per ml by the 
fluorometric method following treatment with IvMn 04 and 
adsorbing on florisil. 

Following the ingestion of 2 gm of riboflavin daily there 
was an increase of only 26% in the riboflavin content of the 
milk as measured by the mici'obiological method. The average 
riboflavin content of the milk from the animals on the basal 
diet was 4.12 gg per ml as compared to 5.20 gg per ml follow- 
ing the ingestion of liboflavin. The magnitude of the increase 
is very small consideiing the amount of riboflavin ingested. 
These observations differ from the findings with women where 
there appears to be a more direct correlation between the 
intake of riboflavin and the concentration in the milk (Neu- 
weiler, ’37). 

Following the ingestion of 2 gm daily of synthetic riboflavin 
there was a marked hicrease in the riboflavin value of the milk 
of all animals as measured fluorometrically. Using the 
“IvMiiO.i plus florisil” procedure the riboflavin values were 
5 to 6 times that obtained by the microbiological procedure. 
Obviously 1 of these methods represents an error probably 
due to fluorescent compounds measured by the fluorometric 
procedure which do not have biological activity. The validity 
of this assumption was tested by feeding experiments with 
rats. 


Bat growth 

Milk from 2 goats and 1 ewe was fed to groups of rats and 
the growth response used as a measure of the true riboflavin 
present. Milk collected during the period the basal diet was 
fed and during the period of riboflavin ingestion was evapo- 
rated on purified diets at levels to provide the same amount 
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of riboflavin in the diets when measured by the microbiological 
procedure. The diet used for measuring the biological activity 
of tbe riboflavin in the milk was the same as that joreviously 
described (Schweigert and Pearson, ’47) except for the ribo- 
flavin. On the basis of the fluorometric value the diet contain- 
ing the riboflavin milk provided 150 gg or more of riboflavin 
per 100 gm of diet. This is adequate to permit maximum rates 
of gain by the rat. That the diet was adequate in all factors 


TABLE 2 


Growth of rats siipplejncnted with milh as soiirco of rilwjfavin. 



/IQ riboflavin/ 1 00 OM DIET 


IIODY WEIGHT ^ 


ElBOFLAVTlSr 

Micro- 

biological 

KMnO.t plus 
Jiorisil 

Initial 

Final 

Gain 
per week 

Normal milk 


Gout's 7nilk 

gm 

pm 

pm 

7 ml/100 gin diet 

23.4 

25.3 

34.6 

52.0 

5.8 

Bibollaviu milk 






7 ml/100 gm diet 

24.1 

179.2 

39.0 

53.5 

4.8 

Bvntlietie riboliavin 

150.0 

150.0 

41.2 

103.0 

20.6 

Normal milk 


Ewe’s milk 




5.1 ml/100 gm diet 

29.3 

27.1 

42.3 

60.6 

6.1 

Bibod a.vin milk 






4.4 ml/100 gm diet 

29.3 

150.0 

42.8 

59.1 

5.4 

Syiitlietie riboflavin 

150.0 

150.0 

42.2 

89.5 

35.8 

^Bata are averages. 

There wore 

0 rnts in each 

group 

and the length of the 


feeding period was 3 weeks. 


except riboflavin is apparent from the good gains made by 
the rats fed the diet supplemented with 150 ng of synthetic 
riboflavin per 100 gm of diet. Tbe results for the milk from 
the 2 goats were in essential agreement. Therefore, to con- 
serve space the growth data for milk from only goat no. 2 and 
ewe no. 1 are presented in table 2. 

The rats fed the milk from the goat on the basal diet and 
the milk collected during the period of riboflavin ingestion 
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made essentially the same rate of gain. The average weekly 
gain of the rats receiving- the diet containing the milk collected 
during the basal period was 5.8 gm while the rats fed the diet 
containing the riboflavin milk gained an average of 4.8 gm 
per week. The diets containing the ewe’s milk each provided 
29.3 gg riboflavin per 100 gm according to the microbiological 
assay. By the fluorometric method the diet containing the 
riboflavin milk should have provided 179.2 pg of riboflavin 
per 100 gm. The average weekly gains for the 2 groups of 
rats were fi.l and .5.4 gm, i-espcctively, for the rats receiving 
the diet containing the normal milk and the riboflavin milk. 
From these data it is clear that the riboflavin measured fluoro- 
metrically above llial measured microbioiogically is not active 
for the ]-at. 

It is of interest that the rats receiving the milk collected 
during the period of riboflavin feeding made slightly lower 
gains than the rats receiving the diets containing the milk 
from the animals on the basal diet. The average -weekly gain 
by the rats fed the normal milk from the second goat (not 
shown in table 2) was 6.4 gm as compared with 4.8 gm by the 
rats fed the diet containing the milk collected during the 
period of riboflavin feeding. IVhile the data here are meager, 
the possibility that metabolites formed from riboflavin by the 
goat and sheep may have a depressing effect on growth of 
rats should not be overlooked. 


XI riuc 

The ingestion of riboflavin i-esulted in an ijicrease of around 
3-fold as measured microbioiogically iu the level of riboflavin 
in the urine of the goats. The increase was of a smaller order 
for the ewes. The volume of urine voided by ewe no. 1 during 
the period of riboflavin ingestion was 940 ml per 24 hours as 
compared to 730 ml during the basal period. The daily ex- 
cretion of riboflavin by this animal was greater during the 
period of riboflavin feeding than during the basal period, but 
it does not show up on a ml basis dtre to the difference in 
volume of urine. 
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The naierobiological values on the urines collected during 
the basal period are in good agreement with the values ob- 
tained by the fluorometrie procedure after treating with 
KMn 04 and adsorbing on florisil. 

On the basis of microbiological assay tbe maximum recov- 
ery in the urine of the 2 gm ingested was 4.8 mg. The average 
recovery in the urine of ingested riboflavin was 4.0 mg, 4.S 
and 2.9 mg, respectively, for goats 1, 2 and 3. Tlie correspond- 
ing recoveries for the ewes were 1.0 and 2.8 mg for numbers 


TABLE 3 

Apxmrent Hhofiavin in the urine of sheep and goats, (Values in pg per inh) 



DIETARY 

TREATMENT 

MICKO- 

DT0I.OO1CAL 


FLUOR ETHIC 

ANLMAIj 1 

T^iitroatf'd 

TvAFnCt 

ICMnOi plus 
florisil 

Goat no. 1 

Basal 

4,Z 

5.1 

5.0 

4.6 

Goat no. 1 

Riboflavin 

15.3 

3 56.0 

160.0 

107.0 

Goat no. 2 

Basal 

2.9 

5.0 

5.0 

3.6 

Goat no. 2 

Riboflavin 

7.8 

164.0 

143.8 

124.0 

Goat no. 3 

Basal 

4.0 

6.1 

6.1 

4.5 

Goat no. 3 

Riboflavin 

12.6 

147.0 

135.6 

136.0 

8heop no. 1 

Basal 

7.2 

7.0 

6.9 

6.8 

Sheep no. 1 

Riboflavin 

6.7 

13S.4 

124.0 

110.0 

Sheep no. 2 

Basal 

2.S 

ii.i 

3.7 

2.7 

Sheep no. 2 

Rihoflaviu 

5.6 

98.0 

87.0 

73.0 


^ Tlie weights of the aiiiinahs starting with gttat no. 1 and proceeding down 
the table were 50.0 kg, 43.6 kg, 47.7 kg, 54.5 kg and 50.9 kg. 


1 and 2. These data suggest that the vilioflavin is rapidly 
metabolized by the sheep and goat to compounds without 
biological activity. 

Following the ingestion of riboflavin the values obtained 
by the fluorometrie procedure following treatment with 
KMn 04 and adsorbing on florisil were from 7 to 16 times the 
values obtained by the microbiological assay. Adsorbing on 
florisil following treatment with KMnOi was more effective in 
removing non-riboflavin fluorescent pigments than the 
KMn0.t treatment only. From these data it is apparent that 
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when goats and sheep are fed large amounts of riboflavin, 
compounds having fluorescent properties but not biological 
activity are formed. The non-riboflavin fluorescent compound 
is secreted into the milk and excreted by the renal pathway. 

The fluorescent compound or compounds without biological 
activity that are formed by the goat and sheep from ingested 
riboflavin have not been identified. It is possible that the 
ribose moiety of the riboflavin molecule is broken off and that 
6 : 7 dimethyl-alloxazine or lumiehrome is produced. This 
compound is biologically inactive, but it is highly fluorescent. 
Whether the site of formation of the biologically inactive 
compound is in the rumen or in the tissues following absorp- 
tion remains to be determined. 

Effect of ingestion of large amounts of riboflavin by rats 

From a comparative standpoint it was of interest to de- 
termine whether or not the rat when given large amounts of 
riboflavin would excrete non-riboflavin fluorescent compounds 
similar to the goat and sheep. 

For these studies 3 mature rats were used for each level of 
riboflavin administered. The urine was collected for 2 con- 
secutive days. Ten mg of riboflavin were administered by 
stomach tube on each of 3 consecutive days, and the urine 
collected on the second and third days. The urines were as- 
sayed for riboflavin by the microbiological method and by 
each of the 3 fluorometric procedures. Of the latter only the 
value obtained by treating with KMn 04 and adsorbing on 
florisil will be referred to here. The 10 mg of riboflavin on 
the basis of body weight, was approximately equivalent to the 
level ingested by the goats and sheep. 

On the basal diet the average daily urinary excretion of 
riboflavin as measured by the microbiological procedure was 
15.9 ^]g as compared with 14.7 Mg by the fluorometric procedure. 
Following the ingestion of 10 mg of riboflavin the average 
daily urinary excretion measured by the microbiological pro- 
cedure was 114.3 Mg as compared to a value of 137.0 pg by the 
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fluorometric metliod. To aiiotlier grouii of 3 rats 20 mg of 
riboflavin were administered daily. This is about double the 
amount ingested by the sheep and goats per kg of body weight. 
On the basal diet the average daily riboflavin excretion was 
16.3 Mg and 19.4 Mg as measured by the microbiological and 
fluorometric methods, respectively. The corresponding figures 
during the period of riboflavin ingestion were 208.4 and 223.4 
Mg of urinary riboflavin. The magnitude of the differences 
between the biological values and the fluorometric values is 
essentially the same for tlie urine from the rats on the basal 
diets as for the rats receiving the riboflavin. From these data 
it is apparent that the sheep and goat differ from the rat in 
their metabolism of riboflavin in that the rat does not form 
appreciable amounts of biologically inactive compounds that 
are measured by the fluorometric procedures for riboflavin. 

Observations on human beings 

The question whether man responds in a manner similar 
to the rat or the goat and sheep on the ingestion of relatively 
large amounts of riboflavin is of considerable interest. Should 
human beings metabolize ingested riboflavin in a manner 
similar to the goat and sheep, data on excretion studies may 
differ considerably depending on whether the analytical data 
were obtained by the microbiological method or fluorometric 
method. On the other hand, if man metabolizes ingested syn- 
thetic riboflavin in a manner similar to the rat, it would make 
no essential difference whether the riboflavin determinations 
were made by the fluorometric method or by the micro- 
biological method. 

For these studies 2 male adults were used. The urine was 
collected quantitatively for 2 days. Twenty mg of riboflavin 
in the form of tablets were ingested daily for the 3 succeeding 
days. The urine was collected on the second and third days of 
the period. The level of riboflavin intake was about 10 times 
the daily allowance recommended by the Food and Nutrition 
Board (’45). 
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There was no significant difference in the riboflavin values 
obtained by the microbiological assay and the fluorometric 
method where the ui-ine was treated with KMnO^ and adsorbed 
on florisil. Following the ingestion of riboflavin the urine of 
subject no. 1 contained 6.28 ng of riboflavin per ml as measured 
microbiologically and 6.47 |jg by the fluorometric method. The 
corresponding values for the urine of subject no. 2 were 4.50 
(jg and 3.37 Mg per ml by the microbiological and fluorometric 
procedures, respectively. 

From these data it is apparent that at the levels of riboflavin 
that would normally be ingested by human beings, that com- 
parable results for riboflavin in the urine could be expected 
using either the microbiological or standard fluorometric 
Ijrocedures. 

SUMMARY 

The oral administration of large amounts of riboflavin to 
goat.s and sheep increased the true riboflavin content of the 
milk by only about 26%. Measured by the fluorometric pro- 
cedure the riboflavin values were for the milk approximately 
5 times greater than the values obtained by the microbiological 
method and for the urine the fluorometric values were about 
T2 limes higher. The riboflavin content of the milk as meas- 
ured by the microbiological assay agreed well with the growth 
re.sjionse of rats fed the milk as a source of riboflavin. 

1 he microbiological and fluorometric values for the ribo- 
flavin content of the urine of rats were in good agreement even 
when massive doses of 10 or 20 mg of riboflavin were admin- 
istered daily. The microbiological and fluorometric values' 
were in good agreement for urine from humans that had been 
fed 20 mg of riboflavin per day. 

Goats and sheep fed large amounts of riboflavin evidently 
fonn a fluorescent compound that is measured by the fluoro- 
inetiic procedure for riboflavin. The unidentified compound 
secieted into the milk and excreted by the renal pathway is 
not biologically active. 
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SOME STUDIES ON THE NUTRITIVE VALUE 
OP BUTTER FATTY ACIDS' 


EM OH TIEPTWANN = 

Ih'parlmrnf of IHochemifttrif, Unirrn^itif of Moahc,stc}\ Sehonl uf 
Medi(n7ir (Did Drntifili'n, lloidii'sier, N. T. 

(Eeceivofl for publicntioii May 24, 1947) 

The effect of volatile fatty acids on the weight gaiil of 
young rats was compared with that of other fatty acid frac- 
tions of butter fat by Seliantz et al. (’40) and Brown and 
Bloor (’45). While both investigations indicate a dietary 
inferiority of the short-chain fatty acids, their effect as part 
of butter fat is still doubtful. Schantz et al. fed them mixed 
with coni oil and liquid skim milk, a diet which admittedly 
produces diarrhea (Hart, ’45), whereas Brown and Bloor 
gave them as part of a Sherman B diet. The latter workers 
also observed a laxative action and reduced the fatty acid 
content of the volatile fatty acid diet from tlio 10% level of 
the control diet to 6%. In the presence of lactose the satu- 
rated fatty acids of butter were found to be superior to the 
unsaturated fatty acids by Schantz et al., but not by Brown 
and Bloor. Considering the work of Henry et al. (’45), 
Henderson et al. (’45), Jack et al. (’45), and particulaidy the 
recent discovery of the gTOwth-promoting effect of vacceuic 
(^11,13 — octadecenoic) acid in summer butter (Boer et al., 
’47), one would expect the unsaturated i-ather than the 
saturated fatty acid fraction of butter to be more effective 
in promoting the wmight gain of young I’ats. The effect of 

^ From a thesis submitted iu partial fulfillment of tlio r('<|uirouumts fur the 
dogri'c of Doctor of Pliiloso]>hr. 

^Pr(‘sent address: IT. 8. Public Healtli Service, Diabetes Section, New Kiiglaiul 
Deaconess Hospital, Boston, Mass. 
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Txnsatui’fitiou as such is ))7 no means clearly established, since 
the fatty acid composition of butter underwent some altera- 
tion in the feeding experiments thus far reported. The amount 
and concentration of vitamin A stored in the livers of rats 
given raw carrots has also been reported to vary with the 
nature of the dietaxy fatty acids (Brown and Bloor, ’45). 
On an average, rats fed unsaturated fatty acids stored more 
and higher concentrations of vitamin A than those on a 
saturated fatty acid diet. Whether this effect operates on 
the conversion of carotene to vitamin A can be elucidated 
by feeding preformed vitamin A instead of carotene. 

•EXi'KKiaiicx'r 1 

Three groups of rats were given, respecti\'ely, butter fatty 
acids, their non-volatile portion, and hydrogenated butter- 
fatty acids. The fatty acids of butter were prepared as fol- 
lows: 5 pounds of butter, ])ought on tbo local marlcet, were 
melted on the steam-hatli and then allowed to solidify in a 
h(?aker in the ice-chest. The aqueous phase was drained off 
after pnnetnring the fat cake. The butter fat was washed 
with water in the molten state and again separated from water 
as before. This was repeated once more. Saponification was 
i-arried out ))y rt-fiiixiiig the fat on a stcani-hatli foi- 2 honrs 
with 8 liters of 10% KOH in 05% methanol in a rorrnd bottom 
llask. At tlio (Old of this period the flask was converted into 
a continuous iicjuid extractor of the type described by Hil- 
ditch (’40). The extract! on of th(! non-saponifiahlo matter 
with low-hoiling potr-oleum ether was continued until the soaps 
gave a. negative C’arr-Pvice test. This took about 10 hours. 
Ihe soap solution was tlien transferred to a 5-gallon bottle, 
cooled by adding chopped ice, and acidified to Congo Bed 
paper with H(^l. Ether was added, the bottle stoppcr-ed and 
laid on its side. To mix its contents the bottle was rolled back 
and forth, then pnt in an upriglit position and allow(id to 
stand until tin- ether separated out. The other solution of fatty 
acids was syphoned off into another 5-gallon bottle. After 
repeated extraction of the fatty acids vnth ether, the com- 
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billed etlier extracts were washed with a small amount of 
water to remove most of the alcohol, then dried overnight 
with calcium chloride. The solvent was removed from the 
fatty acids by vacuum distillation. This resulted in 1220 gm 
of fatty acids with an averag-e molecular weight (determined 
by titration) of 251.0 and an iodine value (Wijs’ method) of 
5!).!. The product was divided into 3 portions. 

A 400-gm portion of butter fatty acids was steam distilled 
for 51 houi's, at which time about 5 liters of distillate had 
collected in the receiver. The residue was alloweil to solidify 
in the ice-box. The cake of fatty acids was separated from 
the water phase and dissolved in petroleum ether. To this 
solution a petroleum ether extract of the water phase was 
added. After drying and evaporation as before, 361 gm 
of non-volatile fatty acids remained. Their average molecular 
weight was 264.4. 

Another 400-g'in portion of the original fatty acids was 
introduced into a high pressure hydrogenation bomb in the 
dry, molten state, together with about 5 gm Raney nickel 
catalyst. The hydrogenation was carried out in the absence 
of solvents at 2200 lbs. and 150°C. with agitation for 2 hours. 
To remove the catalyst the hydrogenated fatty acids were 
dissolved in petroleum ether and shaken with fairly concen- 
trated hydrochloric acid. The petroleum ether solution was 
then washed with water, dried, and evaporated. The iodiiu' 
value of the hydrogenated product was 40.6. 

The diets used Avere similar to those employed by Brown 
and Bloor (’45). The Sherman B diet was modified in such 
a way that the fatty acids under investigation constituted the 
fat component to the extent of 9.9% of the diet. Three rations 
Avere prepared containing, respectlAndy, the original butter 
fatty acids, the non-volatile fatty acids, and the partially 
hydrogenated fatty acids. Diets were prepared in 1 kg batches 
by kneading the molten fatty acids into the mixture of Avhole 
wheat flour, skim milk poAvder, and salt. Rats were fed as 
much as they would consume Avithin a 2-day pei'iod, the 
remainder of the food being stored in the ice-box. 
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Thirty albino ratvS of the Wistar ntraiii, 15 male and 15 
fianale, 28-24 day.s old, were distributed as equally as possible 
with respect to sex, age, litter, and weight over the 3 experi- 
lUFiital groups. Altliougli no special precautions were taken 
to prevent rats from spilling their food, the use of heavy, 
deep cn])s, only half full of diet, permitted a good rough 
(‘s<iiuat(‘ of the relative weekly food consumption p(u* gTOiq) 
of males aud females, because the amount of food spilled was 
small and about equal. The rats were weighed weekly and 
their gains rei-orded. 

Desynon,'" a solution containing* 500 F.S.P. units vitamin A 
and 50 F.S.P. nnits vitamin 'D;. in 9()^/r alcohol per drop, was 
ns<‘d as a sonrc^e of vitamins A and T). The solution was 
(!iliU(‘(l 5 times wii.li milk. lOach rat receixanl a drop of this 
pnq’aratiun, i.e., 100 units vitamin A and 10 units vitamin 1) 
oil tin* day the expei-iimnit was stalled and every week thoro- 
art(*i\ <*X('e])t on the last day of the (*xpc*riuiont. Solutions of 
l)(‘syiioij. ill milk werf* prepared immediately before use and 
r(*<l ))y means of the s])ecial dro])])(*r supplied with the product. 
Due to gradual (!<‘lerioratio]i the vitamin A content of 
nesyiioii fell to sucli an (‘xt(*nt fliat tin* animals re('(*ivod only 
about half of lie* iuitia! dose by the end of tiie experiment. 
Al Ibo end of tlie lifib \\<*ek tin* rals were* bill(‘d by illumiim- 
ling gas, and tfi(*ir livto's t'xamined foi* vitamin A by tlio 
in«‘lbods of Mc'Poord and luK'i'-Clansen (’84) and Olansen 
«*1 ab { '42). No a])])r(*eiable amonnis of vitamin A could bf* 
rleteded. 

Taliie 1 sumiiiarizes llie results of tlie first ox])eriment. The 
nn*an wtlgiit gains sincM* the start of the experiment together 
witli l]n*ir standard errors, the weekly food consumption, and 
tin* eflicu*ncy of !‘ootl conversion, ex])rossed as the percentage 
by weight of food ('onvert(*d into body substance are given for 
(*a('h wi‘ek. 4Mie {*fre(d' of ^aVlal^(* fatty acids on weight gain 
wa.s <waluated liy calculating Fisher’s for tlio difference 
iK*tweeu the mean weight gains of male and female rats on 
the <[iet of the original and of the non-volatilo fatly acids, 

■' Wintlirop C^hemiful Co,, liu'. 
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This gave tJie following “t” values for the h consecutive 
weeks of the experiment : IMales : 1.1, 1.1, 2.0, 1.5, 1.4 ; Females ; 
0.(5, 0.5, 0.3, 1.4, 1.6. The corresponding proliability values, 
taken from Fisher’s table (Fisher, ’88) are: Males: 0.8, 0.8, 
0.1-0.05, 0.2-0.1, 0.2-0.1; Females; O.C-0.5, 0.6, 0.8-0.7, 0.2 
0.2-0.1. Regarding any probability level below the conven- 
tional 0.05 as significant, it is evident tliat there is no sig- 
nificant difference between the weight gain of males or females 

TAB IE 1 

JVfiffhi goiufi, food c(nu^umpiion, and cfjiclcnn} of food coni'vrtiion of ra(s 
o)h diets ooniainlng varions Irulivr faltij acids. 
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volatile portion of these acids. 

The effect of hydrogenation of the dietary fatty acids on 
weight gain was similarly evaluated by calculation of Fisher’s 
“t” for the difference between the mean weight gains of males 
and females on the original and on the hydrogenated fatty 
acid diet. The following “t” values were obtained: Males: 
7.8, 3.5, 4.1, 3.2, 2.8; Females; 0, 0.4, 0, 1.3, 2.1. The correspond- 
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iiig ])robaliility values are: Males: <0.01, <0.01, <0.01, 
0.02-0.03, 0.02;' Females: > 0.9, > 0.9, > 0.9, 0.3-0.2, 0.1-0.05. 
This means that the weight gain of males, but not of females, 
is significantly lower on a diet containing partially hydro- 
genated fatty acids than on the oiiginal butter fatty acid diet. 

The figures on food consumption and conversion indicate 
that the efficiency usually falls off Avith time, and that it is 
usually lower for females than for males of the same group. 
Some, though inconsistent, differences appear between the 
males fed pai’tially hydrogenated and the original butter 
fatty acids. Hydrogenation seems to have reduced the food 
utilization of the males, sonn'times even below; that of the 
lenudes of the same group. 

EXPERIMENT 2 

In ordei- to determine the effect of complete hydrogenation 
of the dietary butter fatty acids on weight gain and vitamin A 
storage a similar experiment was set up with completely 
hydrogenated fatty acids and larger vitamin supplements. 
The method of prejiaration and purification of the fatty acids 
of Imtter was the same as that described under experiment 1. 
About half of the fatty acids were hydrogenated at 1950 lbs. 
and 150°C. in the presence of about 7 gm Eaney nickel and 
100 ml absolute alcohol witli agitation for 8 hours. This time' 
the iodine value of the fatty acids dropped to 1.1 after hydro- 
genaiioii. Two diets were prepared, 1 containing the original 
tiitty acids of hotter, the other their hydrogenated counter- 
part. Twenty Wistar rat.s, 10 male and 10 female, all 29 days 
old, wci-(! evenly distributed over the 2 groups. The Hesynou 
.solution was analyzed weekly for vitamin A by evaporating 
an nh‘([uoi portion of a drop in a colorimeter tube, dissolving 
it in purified (MeCoord and Luce-Clausen, ’34) chloroform, 
and then follomng the procedure of Clausen et al. (’42). In- 
stead of milk, glycerol was used to reduce the strength of the 
alcohol in Hesynou. Mixtures of 2 parts of glycerol and 
1 part of Desynon were given by dropper in such amounts 
that the rats received about 300 units vitamin A at the start 
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of the experiment and 1 week tliereafter, 400 laiits at the end 
of the second week, 500 units at the end of tlie ihird week, 
and 600 units at the end of the fourth week. The number of 
units of vitamin D given was about one-tenth iliat of A-ilamin 
A. All rats were killed at the end of the fifth week and their 
livers analyzed for vitamin. A by the method previously men- 
tioned. 

T.MiLK 2 

/J f'iahf food c(uth'ivni]>l}on^ aiid cffinrmof of food oonn rsitut of 
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The results of the second experiment are suinuiarized in 
tables 2 and ?>. Statistical evaluation of the weight differences 
between rats fed the original and the completely hydrog-enated 
butter fatty acids by Fisher’s “t” test gave for males: 
0.4, 0, 1.0, 0.8, 1.0, and for females: 1.4, 1.0, 0, 0.8, 0.7. Cor- 
I’esponding P values are, for males: 0.7, > 0.9, 0.4-0.3, 0.5-- 
0.4, 0.4-0.3, and for females: 0.2, 0.4-0.3, > 0.9, 0.5-0.4, 0.5. 
Thus, there was no signiificant difference between the weight 
gain of rats receiving the original butter fatty ncid.s and those 
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IVtl t]je coHi])lote]y hydrogenated fatty acids. The efficiency 
of food conversion can again be seen to fall off with time. 
It is smaller for females than for males, but there is no 
appreciable difference between the 2 gToups in that respect. 

Table 0 giv(fs the mean vitamin A concentrations in I.TT./ 
lOOgm of wet livei-, the mean amount of vitamin A stored in 
die livers of each of the 2 groups of male and female rats used 
in experiment 2, and the standard errors of the means. Evalu- 
ation of t lie difference between mean vitamin A concentrations 
of the 2 groups by Fisher’s “t” test gave 0.9 for males, and 
O.R for females. This eorresiionds to proliability values of 


T.vnnn is 

Vitahiiii' A hi ihr livers' of rals on dirts’ eonlalnhiff unchmigedj 
(wd rompJeffdif hiidrof/maied Jnitier fatfp fields. 
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2201 ± 390 

224 ± 20 
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5823 ± 1310 

403 ± 94 

Conipletoly 


1858 ± 653 

170 ± 55 

liytlrngenaltMi 

F 

6567 ± 1290 

555 ± 3 Ol) 


0. 4 and 0.0-41.4 for males and females, I'espcetiv'ely. Differ- 
ences between nnain amounts yielded “t” values of 1.6 and 

1. r>, and P values of ().2-0.1 and 0.2-0.1 for males and females 
in the order gh'en. Thus, there was no significant dift'erence 
lietweeii tlie amounts or concentrations of vitamin A in the 
livers of either male or female rats, regai’dless of whether 
the fatty acids of butter Arere fed in their original or com- 
];ilete]y hydriigenuted form. Females of both groups stored 
about twice as inucb vitamin A as males of both g*roups. 

i:)ISC'lT.SSION 

If the increased weight gain is tlio criterion chosen as a 
measure of nutritive xmlue, the ad lihifum method of feeding 
.should bo ol greater practical value that the paired feeding 



STUDIES GET BUTTEE FATTY ACIDS 


463 


tecliniqne (Boiitwell et al., ’41). Food found superior by the 
ad libUum. method might owe its growth-promoting’ effect to 
greater palatability or stimulation of the appetite or some 
other incidental properties, but in any case increased growth 
response muU indicate a superiority in some practically rele- 
vant respect. 

Steam distillation strips the butter fatty acids of those of 
low molecular weight, as shown by an increase in the mole- 
cular weight. By comparing rat growth on a fatty acid 
supplement lacking the volatile fatty acids with tliat on an 
equal quantity of the untreated fatty acids of butter the 
effect of the volatile fraction can bo determined. The chief 
advantages of this method may be stated as follows: (1) No 
reduction in fat intake (Brown and Bloor, ’45) is neeessai’y, 
since such a regimen does not produce diarrhea. (2) Other 
fats need not be added to equalize the fat intake without 
increasing the proportion of volatile fatty acids (Scliantz 
et ah, ’40). (3) The volatile fatty acids are diluted by the spe- 
cific amount and proportion of the other naturally occurring 
fatty acids, increasing the practical significance of the results. 
The results indicate that the volatile fatty acids, as they 
naturally occur in butter fat, have no particular influence on 
growth 01 ’ efficiency of food utilization. The harmful etfect of 
these fatty acids, observed by Schantz et al. and by Brown and 
Bloor, must be ascribed to the absence of the other butter fatty 
acids from their diets. On the other hand, the more flavorful 
short-chain fatty acids did not apiireciably increase appetite 
and food consumption of weanling rats. Hilditeh and Jasper- 
son (’42) found 2 changes to occur in the fatty acid com- 
position of butter when the diet of milch cows is changed from 
hay to fresh grass, namely, reduction of the percentage of 
volatile fatty acids, and an increase in the amount of oleic acid. 
The growth-promoting effect of summer butter now appears to 
be due not to the former change, as has been suggested by 
them, but to the increase in the oleic acid fraction, which 
also contains vacconie acid. 
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It .seems ditRcult to reconcile tlie postulate of a growtli- 
])]-omotiT]g saturated fatty acid with the finding that the 
an. saturated fatty acid vaccenic acid has growth-promot- 
ing activity. An attempt was made to test both conten- 
tious by feeding the hydrogenated fatty aeid.s of butter and 
eomi)aring their iniluonco on growth with tliat of untreated 
butter fjitty acids. In such an experiment uti, saturation is 
the otdy varia])Ie — tlie composition of tlie fatty acid mixture 
remains nncliangod. In tlie fir.st exT>eriment on the eff<mt of 
Jiydfogenation on the growtli-promoting value of tlui fatty 
acids of butter the iodine value of the fatty acids wa.s lowered 
from Ob.l to 40.6. The growth of male rat.s on the partially 
liyf[)'ogenated fatty acid diet was definitely inferior to thal 
of their litter-mates on untreated fatt 3 ' acids, and their 
efficiency in converting food into body substance was somo- 
wliat reduced. In the second experiment, however, wdion the 
fatty acids wei'C for all practical purposes completely h 3 ''dro- 
genated, there was no difference in weight gain or in the 
efficiency of food conversion between animals of both sexes 
on hydrogenated and untreated fatt.y acids. Since rats grew 
as well on completch’' hydrogenated fatty acids as on tin.'' 
original fatty acids of an iodine value of about 60, uusatura- 
tiou clearh' could not have been the solo factor in determining 
tlu' growth rate hi exporiinoiit 1. Except for the iodine value 
of the hydrogenated fatty acids the diet of tlie animals in 
(‘xperiment 1 differed from that used hi exjjeriment 2 in 1 
im])ortant respect. In expeidmeTit 1 each rat received weekly 
from 00 to 100 imit.s of vitamin A and about 10 units of 
vitamin I). In the course of the whole experiment a rat could 
not have received more than 500 units of vitamin A and 50 
units vitamin D. But the total amount of vitamin A consumed 
per rat in the second experiment was around 2000 units, to- 
gether with about 200 units ^dtamin D. It is conceivable that 
the reduction of the unsatnrated growth-fa<‘tor of Boor et al. 
( ’47), namely vaccenic acid, or of unsatnrated fatty acids in 
general by partial In’drogcnation had a deleterious effect on 
rat growth by lowering the efficiency of food coin'er.sion only 
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when the vitamin intake was relatively low, but not when a 
more generous vitamin supplement was given. Boer and 
Jansen ( ’42) have also observed that upon addition of vita- 
min D (but not A) to winter butter the difference in response 
between summer and winter butter disappears, while addi- 
tion of vitamin D to summer butter is without effect. By the 
same token partial hydrogenation in experiment 1 had a 
greater effect when the vitamin supply in the diet was rela- 
tively scanty, than complete hydrogenation in experiment 2 
where higher doses of vitamin D offset the removal of un- 
saturated material. 

It is interesting to note that Boer and Jansen ( ’42) as well 
as Brown and Bloor (’45) used only male rats. Female rats 
may have the ability to synthesize nnsaturated fatty acids 
more efficiently than males, or else they may use their supply 
of fat-soluble vitamins more economically, as evidenced by 
the greater storage of vitamin A in the livers of females. 
Sex differences in the metabolism of lipids or lipid-soluble 
vitamins are not at all unusual. 

Ilydj-ogenation of butter fatty acids has either no effect on 
their growth-promoting value or else it reduces it. In the 
absence of other fats hydrogenation does not improve gTowth, 
I'ven in the jiresence of relatively large amounts of lactose 
from th(' skim milk ]jowder in the Shennan B diet. It seems 
unlikely therefore that butter owes its growth-promoting 
effect to a saturated fatty acid. 

Desynon was chosen as a source of vitamins A and T) so 
that each rat could be given an identical, approximately 
known vitamin supplement without using a carrier oil which 
might influence Ihe ahsorpiion of fat-soluble vitamins. The 
fatty acids used wore free of vitamin A and carotene. The 
stored vitamin of all livers was therefore derived from an 
equal amount of preformed dietaiy vitamin A, and any dif- 
ference in storage should he expected to be due to differences 
in vitamin A metabolism. As there was no significant dif- 
ference between the amount or concentration of vitamin A 
stored in the livers of animals receiving either butter fatty 
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iu-ids or llu'i)' (‘oiii!.»lot.c>ly liydroyoiiatod ('ountorpart, it is not 
coiisidi'i'cil likely thal niisatiirated fatty acids in geiioral or 
a. s])ccilic' niisatnrated fatty acid present in butter fat liavc a 
specific infiiieiK-e on tke absor])tion and storafi,'o of vitamin A. 
Tliis does not pn'clndc' the possibility that they may in some 
way effect the utilization of carobMie. 

sinaiAnv 

1. There was no slat istically sifi'iiiticant differeiK'e in wei^'ht 
yaiu or elli<‘i('n(‘y of food conversion during' a o-vveek poi'iod 
between l! !i,ron]is of 10 yonn»' rats (5 males and b females) 
each, re,e.'ar(ll('s,s of Avlietlan' the fat component of a Sherman 
B diet was made up of the fatty acids of butter or the sann* 
fatty acids, siriii]n‘fl of tlnnr low molecular weight traction 
by steani-distillation. 

2. In a similar exireriment a sfanilicant difference in weight 
.yain and sonu' difference in the efficiency of food conversion 
was observed Avhen the effect of buttei- fatty adds as part of 
the Slicrma!! B diid was com])aTed with that of the partially 
liydroi!,'(mated fatty adds. A\hnf'ht liain and efficiency of food 
ntilizatiou were decreased only in the male rats of the stou]) 
fed the hydros'enated fatty adds, and only Avhen the intake 
of vitamins A and 1> was relatively low. 

2. Tile amount and concentration of vitamin A stored in 
the livers of rats f(‘d preformed vitamin A Avns not siji'- 
nificantly aifccted hy eomiiletc hydroj>:cnatioii of tin' hnt(<*r 
fatty adds in tin* diet. 
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(‘stablisliod by Mead Johnsoii and Company to promote re- 
searches dealing with the B complex vitamins. The recipient 
of this Award will be chosen by a Committee of Judges of 
ibo American Institute of Nutrition and the formal presenta- 
lion will be made at the animal meeting of the Institute in the 
Spring of 1948. 

The Award will be given to the laboratory (non-clinical) or 
clinical I'osearcb worker in the United States or Canada who, 
in tlie opinion of the judges, has published during the previous 
calendar year January 1 to December 31 the mo.st meritorious 
scientific repoid dealing with the field of the ‘B-complex' vita- 
mins. AVhile the award will be given pi'imarily for publication 
of specific papers, the judges are given considerable latitude' 
in the exercise of their function. If in their judgment circum- 
stances and justice so dictate, it may be recommended that 
the aw'ard be made to a worker for valuable contribution.s over 
an extended period but not necessarily representative of a 
given year. Membership in the American Institute of Nutri- 
tion is not a requisite of eligibility for the aw^ard. 

To be considered by the Committee of Judges, nominations 
for this aivard for work published in 1947 must be in the 
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the nominee and his reseai'ch as Avill facilitate the task of the 
( ■ommittee of Judges in its consideration of the nomination. 
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ONE PiGiinn 


(Received for publiwition June (i, 1!M7) 

It was shown in a previous paper that apyietites for diets 
containing tliiamine, riboflavin, or pyridoxine were developed 
by rats previously fed diets deflcient, respectively, in these 
vitamins, wliile normal animals showed no sneb preferences 
(Scott and Quint, ’46b). It was concluded that appetites 
for these vitamins were related to nutritional need for them, 
and thus that they were either learned appetite.s or true 
hungers. As one of the principal differences betiveen learned 
apiietites and true hungers it was postulated that learned 
appetites for nuti'itional essentials require the animal to have 
])i-e\dons experience of the effects of the beneficial diet, in 
order to learn to associate such effects with the diet, while 
true hungers are always coexistent with nutritional need and 
should require no learning- process. Harris et al. (’SM) con- 
cluded that the appetite for thiamine was leanied as a result 
of beneficial experience. This appeared probable since rats 
Avhich had preAuously been on a thiamine-deficient diet and 
had then formed the habit of eating a food of a particular 
flavor containing thiamine, showed no appetite for thiamine in 
food of a different flavor. 

The present report outlines a method of determining 
whether an appetite such as that observed in these researches 

^ Coiitributifin no, 639 from the Department of Chemistry, University of Pitts- 
burgh. Aided by grants of the jSTntrition Ponndation, Inc,, and the Bnhl Foun- 
dation. 
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is learned, i.e., is a beliavior eoiulitioued by previous exper- 
b'lK'es, oT' represents a true Imiiger. Tlie method was applied 
1o the appetites t'm- tliianiine, riboflavin, and pyridoxine, with 
tb<! rosnlt of sbowinj^’ their essential similarity as learned 
appetites. 


KXPEJ?.TMENTAIj 

To decide whetlun' the vitamin appetites Avere learned ni' 
whether they were true luiu,a'<“rs, advantage Avas taken of the 
fact that establishment of a learned appetite for a vitamin 
may conceivably I'OSTdt in an association of beneficial effect 
of the vitamin Avith some recognizable ].)bysical charaeterLstic 
of tin* di(d, AAiiiie a true vitamin hnng'er should be an apiAetite 
for the vitamin itself, regardless of jdiysical characteristics 
of the food. 

The general plan of the experiments aauis to alloAv deficient 
animals their choice of 2 diets of di.stinctly different flaAmrs, 
A (anise) and (f (unflaA'ored). The A fla\mred diet contained 
the vitamin, the 0 flaA'ored diet contained none. After a feAA* 
days the choices Avere changed so that the A flaA’ored diet 
contained no vitamin but the (') fiaAmred diet did. If the 
animals cojdinuod to eat the A flavored diet Avhen it noAV no 
longc]' contained vitamin, then the appetite was learned as 
dclined by Harris et al. (’-‘>2), bid if they uoav ate the 0 diet, 
1h(‘ resull was evidence of a true hunger. 

In pi-acticc, fhi,s simple scheme Avas considerably modified 
to eliminate scA'eral ])Ossible variables: (1) While Aim liaA^'e as 
yet found no sex differences in self selection behaAUor, these 
possible differences Avere eliminated by dividing the animals 
accoi'ding to sex as evenly as pos.sible. (2) Although previous 
exiiorimeids (Scott ami Quint, ’46a) had indicated that there 
Avas no appetite in rats for anise flavor, this possibility Avas 
eliminated by giving the vitamin-containing food to half tlie 
animals as a choice accompanied by flaA’oi- and to the other 
half unaccompanied by flavoi- at the start of the experimental 
])(‘i'iod. (3) The same experiments had indicated that there 
was no effect of previous diet on appetite for anise. This pos- 
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.sibility was eliminated, however, by feeding lialf the deficient 
animals an anise-flavored, vitamin-free diet and tlie other 
half an miflavored vitamin-free diet in the control period and 
liy feeding half the normal animals a flavored vitamin-con- 
taining diet and the other half a similar diet bnt miflavored in 
the control period. (4) The flavor was chang'ed with respect 
to the vitamin not once but 3 times. This gave additional 
data, particularly with respect to the extent and ])e]-.sistonee 
of the learned eating process. (5) A group of normal animals 
was included in the experiment to serve as controls, and thus 
demonstrate clearly the effect of deficiency on the results. 
(6) The data obtained with all deficient animals wei'e averaged 
as were the data with all normal animals. This resulted in the 
cancellation of the effects, if any, of sex, flavor, and previous 
diet as such, and allowed the uncomplicated estimation of the 
effect of deficiency in influencing association of some pinperty 
of the vitamin with flavor of the food. 

In each of 3 experiments, with thiamine, riboflavin, and 
pyridoxine, respectively, 10 male and 10 female weaiding rats 
were therefore divided into 4 groups. Each group was fed 
during a 3-week control period 1 of the following diets in both 
of 2 cups: (1) standard diet,^ (2) standai’d diet phis flavoi-, 
(3) standard diet plus vitamin, (4) standard diet plus vitamin 
plus flavor. Other vitamins were fed separately as pills."’ 
During this 3-week period, the cups were alternated in a pre- 
determined random manner, and the amount of food eaten 
from each cup was recorded daily. At the end of the period, 

“The standard diet consisted of 24% ^^Labco Titamiii-f ree ’ ^ casein, 10% 
‘^Priinex,’’ 62% sucrose, and 4% salt mixture (Jones and Foster, ’42)* Flavored 
diets contained 10 p.p.m. oil of anise. Titamin -containing diets contained 5 jag/gm 
vitamin in the case of thiamine and pyridoxine, and 10 ,ag/gm in the case of 
riboflavin. 

^One pin was given each rat daily. It contained approximately: 60 thiamine 
hydrochloride, 120 /xg riboflavin, 90 jug pyridoxine hydrochloride, 150 jig calcium 
pantothenate, 10 mg choline chloride, 1 mg a-toeoiflierol, and 55 I.IT. vitamin A, 
and 11 I.U. vitamin I) as 0.001 ml hTatola, all in a dextrin-powdered sugar base. 
In the thiamine experiment, thiamine was omitted from the pills; in tlie riho- 
■flavin experiment, riboflavin was omitted; in the pyridoxine ex]>erinient this 
vitamin was omitted. 
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lialf of the animals were suffering from severe vitamin deli- 
eieney while the other half were considered to be normal. 

The 3-week experimental period was broken into 4 parts, 
during which half of the deficient animals received choices 
shoAvn in column (1) of table 1 and half received the choices 
shown, in column (2). Similarly, lialf of the normal animals 
received the choices in column (1) and half those in column 
(2). The cups were alternated as before and the amount of 
food eaten from each cup recorded daily. 


TABLE 1 

Plan of f xpprimrntal period. 



nENtntH OF 
PER10X> 
DATS 


cnoTcns 

(1) 

.2) 

First 

5 

ITutin voted, no vitamin ; 
flavored, 

xitamiii-eontaming 

Flavored, no vitamin; 
nnflavored, 
vitamin-containing 

Second 

5 

Flavored, no vitamin; 
nil flavored, 
vitamin>contaiuing 

TJiiflavored, no vitamin; 
flavored, 

vitamin-containing 

TJiird 

S 

Bame as flrst period 

Same as flrst period 

Fonrtli 

6 

Same as second period 

Same as second jieriod 


KEiSULTS 

As was anticipated from iirevious experiments, at the start 
of the experimental period in all 3 experiments the deficient 
animals ate the vitamin-containing diet primarily, while the 
normal animals showed little preference. In the second part 
of the experimental period, the deficient animals ate chiefly 
of the vitamin-free diet, which was now flavored the same as 
the vitamin-containing diet had been in the first part of the 
experimental period. Normal animals for the most part again 
showed little distinctive preference. In the third part, choice 
was similar to what it had boon in the first part, while in 
the last part, the results were variable. 

The data are presented in tables 2 and 3, w'hile the marked 
alternation of the amount of Autam in-containing diet eaten 
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l;>y deficient animals with change in flavor is shown in figure 1. 
It should he noted from table 3 that the deficient animals 
failed to gain as much weight during the second part of the 
experimental period when their choice of diet with respect to 
Ihe vitamin Avas poor as they did during the first anil third 
parts when they ate primarily the Adtaraiii-containing diets. 
From table 2 it is seen that the deficient animals had sig- 
nificant tendencies both to eat that diet, flavored or unflavored, ' 
Avhich had contained the A-itamin at tlie start of the experi- 



Firs1 Second Third Fourth 
Part of Eiiperimental Period 


Fig. 1 Effect ot alternation of flavor on appetite for vitamin -eontidning foods. 
Flavor was alternated with respect to the vitamin between each part of the 
experimental period. Preference (positive) or avoidance (negative) was cal- 
culated as per cent eaten of vitainin-contaiiiing food minus 5^). Solid bars — 
average of 10 deficient animals; open bars — average of 10 normal animals. 


mental jieriod, and to eat moi-e of the vitamin-containing diet 
than of the vitamin-free diet. Further analysis of tlie data 
indicated that there was no preference or avoidance of anise 
flavor as such and that there Avere no evident sex differences 
in eating behavior. 

DISCUSSION 

The alternation in amount eaten of vitamin-containing diet 
Avith change in flavor shoAvn by deficient animals in figure 1, 
and the significant tendency of these animals to eat more of 
the diet of that flaAmr originally associated with the vitamin. 
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ai'e proof of an association by the deficient animals of some 
deficiency-relieving quality of the vitamin with flavor or lack 
of it. This association must have involved a learning process, 
since flavor or lack of it was an artificial, not an inherent, 
characteristic of the vitamin. Thus, the appetites shown by 
rats for thiamine, riboflavin, and pyridoxine appeared to be 
learned appetites as i)roposed by Harris et al. (’33), and 
"not true liungers. Harris concluded that the production of a 
feeling of well-being in the deficient animal was that quality 
of the vitamin-containing diet which was responsible for the 
animals ’ choice. Tliis was, of course, an assumption, since one 
cannot easily detei'mine what a rat feels. No other explana- 
tion seemed probable, however. 

As is evident from figure 1, the tendency of the deficient 
animals to eat more of the vitamin-containing diet than of the 
vitamin-free diet during the experimental period as a whole 
was caused ])y incomplete change from the vitamin-containing 
diet to the vitamin-free diet when the flavors were switched 
after the first and third parts of the experimental period. 
The rats did not eat the vitamin-free diet to as great an extent 
nor for as long in the second and fourth 5-day periods as 
they had eaten the vitamin-containing diet in the 2 previous 
5-day periods. This was not primarily due to an association 
of the effects of the vitamin with something other than flavor 
(e.g., flavor of the vitamin itself), because the eating behavior 
of only 3 out of the 30 deficient animals used in these ex- 
periments could possibly be interpreted in this light (i.e., 
only 3 animals did not exhibit at least a slight tendency to 
associate the vitamin with flavor or lack of it). Nor was it due to 
a relearning process, in which the vitamin became associated 
with the new flavor in the second and fourth periods, because 
when the original choices were offered in the third part of 
the experimental period, the preferences for the vitamin- 
containing diet were as strong as or stronger than in the first 
part. 

The explanation wa.s to be found primarily then in lack of 
stimulus to eat the vitamin-free diet. There must be 2 reasons 
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wliy deficient animals in the usual experiment continue to have 
an appetite for the vitamin-containing diets. One is that a 
stimulus to eat it (presumably the derived feeling of well- 
being) exists over a period of time ; and in these experiments 
it must have existed over a period of at least 15 days. The 
other is that a habit is set up which makes customary the 
eating of a diet with a particular recognizable physical char- 
acteristic — in this ease, flavor, or lack of it. A clear explan- 
ation of our results is then possible. During the first and third 
parts of the experimental period, both stimulus and habit 
contrived toward the eating of the vitamin-containing diet, 
but during the second and fourth parts habit exerted its in- 
fluence in favoring choosing of the vitamin-free diet but 
stimulus was lacking. Consequently, the shift from vitamin- 
containing to vitamin-free diets when flavor was switched the 
first and third times was incomplete. 

It has been found in 2 experiments on riboflavin deficiency, 
1 of which is reported here, that animals previously receiving 
riboflavin have a slight but definite appetite for riboflavin. 
This appetite was significantly less obvious than that found in 
animals previously fed a diet deficient in riboflavin, and it 
was not apparent in our first published experiment on ribo- 
flavin (Scott and Quint, ’46b). This appetite accounts for the 
unusual behavior of the normal group in the riboflavin ex- 
periment when compared with the nonnal groups in the 
thiamine and pyridoxine experiments. During the second and 
third parts of the experimental period, the normal animals 
preferred the riboflavin-containing diet to a certain extent, but 
there ivas no evidence of an association by this group of pref- 
erence for riboflavin with flavor. 

SXJMMABT 

The data obtained in these experiments are interpreted 
as meaning that the appetites for thiamine, riboflavin, and 
pyridoxine showm by animals previously fed diets deficient, 
respectively, in these vitamins are learned, probably as a 
result of beneficial experience. It is .■suggested that in the 
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iistial oxperinu‘ 111 , deliciciit annuals ooutiuue to eat a vitamiii- 
coiitaiiiiiiix' diet for 2 reasons: (1) A habit is set up involving 
iissociiition of a feeling of well-being with some cJiaracteidstie 
of the diet; and (2) a stimulus to eat the diet, presumably 
ihe d(?i'ived feeling* of well-being, persists over a eonsiderable 
])eriod of time. Animals ])reviously fed a diet conlaining 
ribofliivin showaal a slighl but definite ])referenee for a ribo- 
flavin-eontaining diet. 
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The association of corneal vascularization in man with 
nutritional deficiencies has led to a study of this phenomenon 
in experimental animals. Among the various deficiencies 
wliich will result in corneal vascularization in the rat are pro- 
tein deprivation (Hall et ah, ’46) and deficiencies of lysine, 
tryptophane (Totter and Day, ’42), methionine (Berg and 
co-workers, ’47), leucine and histidine (Maun, Cahill and 
Davis, ’45b, ’46). In phenylalanine deficiency Maun, Cahill 
and Davis ( ’45a) found that “neither the eyes of the deficient, 
nor those of the control animals, showed alterations.” Syden- 
stricker and associates (’46) have suggested that corneal 
vascularization may be a reaction resulting from a deficiency 
of any of the indispensable amino acids, or of protein. It 
thus seemed desirable to determine whether deficiencies of 
other amino acids resulted in changes in the cornea. 

METHODS 

Twenty-five or 26-day-old rats of a Wistar strain were 
placed in individual cages and given a control diet or one de- 

^ A prolimiiiary report of ibis work wos publislied m tbo Proe. Soc. Exp. Biol. 
Med., e4: 59, 1947. 
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Jftcient ill plieiiylalanine, isoleucdne, leucine, arginine, histidine, 
threonine or valine. The details of the methods and techniques 
used and the care of the animals were as previously described 
(Bmvles et ah, ’4G). As a source of protein in the control diet, 
the amino acid mixture of Maun, Cahill and Davis ( ’45a) was 
used, which supplied approximately 3 times the minimum re- 
quired amount of each of the indispensable amino acids in 
utilizablo form. The amino acid mixture used in the deficient 
diets was identical with this except that in each deficient diet 
the appropriate amino acid in the mixture was replaced with 
sucrose. The remainder of each diet contained in 100 gm; 
.salt mixture ^ 4 gm, cod liver oil 2 gm, cottonseed oil 8 gm, 
choline chloride 0.2 gm, riboflavin l.ti mg, thiamine hydro- 
chloride 0.4 mg, calcium pantothenate 2 mg, pyridoxine hydro- 
chloride 0.4 mg and sufificient sucrose to make 100 gm. 

Para-aminobenzoio acid and inositol were not included in 
the diet since they appear to favor synthesis of amino acids 
by the intestinal flora (Hall and Sydenstricker, ’47). The 
corneas of rats fed control diets to which were added only the 
vitamins as used in the present study showed no significant 
abnormality either on examination with the biomicroscope or 
in histological sectioning (Berg et ah, ’47). 

(')uc litter of 8 rats, 8 litters of 6 rats eaeli, 3 litters of 5 
rats, 2 litters of 4 rats and 1 litter of 3 rats were distributed 
among the diets so that the number of rats on each diet was 
as shown in table 1. No 2 rats from any litter were on the 
same diet. 

In an attempt to produce more extensive corneal changes in 
rats deficient in threonine and valine, 3 rats were placed on 
each of 3 diets which were similar to the control diet except 
that the first contained only 0.30% of DL-valine, the second 
0.20% of DL-threonine and the third 0.35% of DL-threonine. 
One rat from each group where corneal vascularization oc- 
curred was changed to the control diet to induce regression 
of vascularization. Two or 3 rats from these groups having 

’ The salt mixture was the same as that used by McKibben, Madden, Black and 
Elvehjem {^39). 
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marked corneal vascularization typical of the ,<*'roup as shown 
by biomicroscopic examination were seioeted for injection and 
sulisoquent photos’raphy of the cornea. Biomicroseopie exam- 
inations of the rats’ eyes wore made 4 times Aveokly with most 
of liie rats and 8 times weekly for the remainder. 

As before, w'e limit our use of the term “ corneal vasculariza- 
tion” to the situation where there is an actual development of 
capillaries in tlie cornea beyond the limits of normal variation. 


TABLE 1 

Conical va^icularhatUm and groivlU of ro:i}crimcnia] raty. 


rHKT 

XO. OF 
KATS IX 
OTtOlTP 

IXOII>ENCE 

OF COKNBAIj 
VAS ri'IAEI- 
55ATTOX 

DAYS ilTJQeiREI) 
i'OR APPUABAN CE 
OF (•;OTlXEAB 

V ASOU r,i.ARTZ AT rax 

.weraot: 

CHANGE IJ 
\VT. I'ETl 
mJHIXG 
30 PAYS 

Ran£?p 

Average 






ffm 

Control 

s 

0 



4- 1.2 

Phen vlala iiino 'de fi<.n eii t 

11 

11 

3-13 

i 

— 0.0 

Leuflinc'dcficient 

11 

10 

3-19 

11 

— • 0.6 

rsoleueine-deficiciit 

11 

11 

4-11 

s 

— 0.7 

Argini ii e-defid out 

8 

7 

4-20 

11 

+ 0.7 

I f i st idi n e - d ode ien t 

1.^ 

11 

4-34 

13 

— n.3 

Th r e( Jii i ne-d ed (dent 

11 

0 

3 - 31 ) 

19 

— 0.5 

Y.'iUne-dt^fieienf, 

9 

9 

3-20 

11 

-- n.s 


Such normal variation is remarkably slight. An occasional 
rat, certainly less than 1 in a hundred, will have scleral flaps 
carrying aberrant portions of the limbic plexus which extend 
slightly beyond the usual periphery of the cornea. Even less 
frequently, accidental trauma to a cornea may cause confusing 
corneal changes. 


RESULTS AND DISCUSSION 

Quite regularly, the first sign of ocular reaction to deficiency 
of amino acids or of protein is congestion of the scleral con- 
junctiva and engorgement of the limbic plexus. Soon there- 
after, often concurrently, there is slight thickening and diffuse 
clouding of the cornea, probably due to edema. Subsequently, 
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sliovl capilliu-y “spronts” can be soon winch derive from the 
luarf^-inal vessels of tla; limbic plexus. It is thought that these 
actually art! the afferent limbs of small capillary loops. Such 
“sprouts” increase in length and caliber and soon their 
efferent limbs are visible. As such capillai'y loops invade the 
siihepithelial region of the cornea, auastoTnotic vessels are 
ajit to dtwelop so that tiie entire cornea may become shrouded 
in a dense network of centripotally growing vessels in which 
no (ietinile pattern can be made out. 

t’ormnil (»i)acity due to edema and leukocytic infiltration 
tmids to parallel the severity of vascular invasion. At times, 
tiitfiise opacity may ]trcvcnt accurate evaluation of the degree 
of vascnlai'ity present. In souk* animals scattered nebular 
opacities jjrecede the gmieral clouding. The grade of vascular- 
ization, its pattern and the severity of the associated opacity 
vary much, in different deficiencies. With deficiency of total 
protein, or of phenylalanine, leucine or isolencine, corneal 
vas<*ularization and opacity may be extreme so that the tissue 
seems to be converted into an area of granulation tissue 
covered by finely wrinkled, diy, sometimes ulcerated, epi- 
tholiinn. This we have also observed to bo the result of 
tryjhopliane deficiency.'' Tn deficiency of histidine, valine, or 
threoiiiiu' th<i invading vessels remaiii small and their radial 
arraiigoinent seldom is disturbed, fhnieal opacity may be 
very sliglit so tliat ibe newly formed vessels are visualized 
wilh little difficulty and no abnormality of the corneal epi- 
thelium can be seen. This is similar to wliat we have o]>sei'\'ed 
1o occur in methionine deficiency (Berg et al., ’47). Rats 
deficient in ])benylalanine and lysine have shown some varia- 
tion in the grade of keratitis they developed hut extremes 
have not been observed. 

The rats fed diets devoid of valine and threonine usually 
died as early corneal changes appeared. In the 3 rats fed 
0.30% of DL-valine the rats lived long enough to develop 
mori! extensiv(‘ corneal changes and vascularization. This 
diet su])plied O.l.'i' i of i.-valine as compared to the 0.7% of 

® rnpubliHlipfl 
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tliis form of valine required for growth (Rose, ’37). The rats 
fed 0.35% and those fed 0.20% of nn-threonine developed 
congestion of the sclera and a slight degree of corneal opacity 
but no corneal vascularization. These 2 groups of rats re- 
ceived, respectively, 0.17% and 0.10% of L-thrconine, the form 
utilizable for growth, as compared to the rats’ requirement 
of 0.5% for growth (Rose, ’37). 

The rats in the group fed the arginine-deficient diet de- 
veloped only a very minor degree of corneal vascularization, 
which later spontaneously regressed. One of the control rats 
developed a few capillary loops into the edge of the cornea 
lieyond the limits of normal variation. The corneas of the 
remaining control rats appeared normal except for an occa- 
sional slight translucency of the cornea which would later 
disappear. Maun, Cahill and Davis (’45a) noted no histo- 
logical changes in the eyes of their control rats fed a diet 
similar to this. 

"When the deficient rats were returned to the control diet to 
supply the lacking essential amino acid, prompt regression of 
the vascularization occurred until corneal capillaries could no 
longer be seen with the biomicroseope. The time reqnii’ed for 
complete regression varied somewhat, depending on the de- 
gree of corneal vascularization. 

The incidence and time of appearance of vascularization in 
the groups of rats and growth data are given in table 1. It 
may be seen that vascularization appeared most rapidly in 
phenylalanine deficiency and most slowly in threonine de- 
ficiency. 

All the rats on the deficient diets lost weight, except for 
the arginine-deficient rats which grew at a rate of 0.7 gin per 
day. The growth of 1.2 gm per day for the control rats may 
be compared with the rate of about 3.0 gm per day usual for 
our strain of rats at this age when receiving an adequate diet. 
Since the protein requirement of the rats was supplied with 
amino acids, a subnormal growth would be expected, as this 
diet would lack the growth factor for rats described by 
Womack and Rose (’46) as present in intact and paidially 
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lij drolyzed proteins. Taking into consideration the difference 
in rate of normal growth of the strains of rats used by 
Womack and Eose (’46) and those used in the present study, 
the diets used by Womack and Eose, which contained the non- 
essential amino acids, resulted in considerably better gTowth 
than did our control diet which lacked these amino acids. Willi 
the chick, Liu'key and associates (’47) obtained superior 
growth with diets containing some of the non-essential amino 
acids as compared with diets containing only tlic amino acids 
now I'ccognized as essential for the chick. 

Plates 1 and 2 show' reproductions of photographs of in- 
jected corneas illustrating the type of vascularization obtained 
in each of the deficiencies studied. It rvill bo noted that w'bile 
tliere are differences in pattern of vascularization in the de- 
ficiencies studied here, and in those previously studied, these 
differences in no case are very striking and the patterns of 
vascularization in several of the deficiencies are indistinguish- 
able. The observations w'hich we made in earlier studies as 
to development of pattern of vascularization also apply here. 

The appearance of enlarged distal ends of developing capil- 
lai-ies in threonine, leucine and phenylalanine deficiencies is 
similai' to wdiat wo liad observed before in protein deprivation. 
The ])i<dures of iiijocted corneas here may he compared with 
the ]yi<‘lures of tlic iu,ject(‘d corneas of normal rats showm in 
an earlier paper (Bowles ot ah, ’40). 

Our observations that phenylalanine deficiency will cause 
corneal vascularization aia' not in agreement wfith the state- 
ment of Ilaun, Oahill ami Davis (’458) that they observed no 
alteration of the eye.s of their phenylalanine-deficient animals. 
It is possible that this discrepancy may be explained as being a 
strain difference since Ilaun, Cahill and Davis used Sprague- 
Daw'ley animals while rats of a Wistar strain w'ere nsed in 
the present study. 


SXJMMART 

Deficiencies of phenylalanine, isoleuciue, threonine, valine 
and arginine w'ere found to I’esult in corneal vascularization. 
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The corneal vascularization resulting from leucine and histi- 
dine deficiencies was also studied. It now seems clear that 
lack of protein or of any 1 of the 10 essential amino acids 
may result in corneal vascularization in the rat. Other changes 
observed in varying degrees were diffuse and nebular corneal 
opacity, and edema of the cornea. 
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PLATE 1 

EXPLANATION OP FIOURES 
(All IS X reduced approximately one-third) 

Obliquo views of India ink-injected corneas of rats fed amino acid-deficient diets. 

1 Histidine-deficient diet. Corneal vascularization observed after 16 days, rat 
killed after 33 days on the diet. 

2 Histidine-deficient diet. Corneal vascularization after 16 days, rat lulled 
after 33 days on the diet. 

3 L<»w-valine diet (9.3(1% of i>L-valine). Corneal vascularization after 13 days, 
rat killed after 54 days on the diet. 

4 Valine-freo diet. Corneal vascularization after 19 days, rat killed after 23 
days on the diet. 

5 Threonine-deficient diet. Corneal vascularization after 25 days, rat killed 
after 46 days on the diet. 

6 Isoleuciiie-defieient diet. Corneal vaseularisation after 11 days, rat killed 
after 49 days on the diet. 
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PLATJ 



(All 18 X approxinijiteiy oiie-tliird) 

vi('\vs of Indio ink-in j(‘rtc<l eonioas of rnls fed amino aeid-(Meiont diets. 

7 Lemdne-deticient diet. (Vinieal vaseidarization observed after 8 days, rat 
billed after 21) days on the diet. 

8 Plnmylalanine-derndent diet. (Airiieal vaseularization after 5 days, rat killed 
after di. days on the diet. 

D Ar^^inijie*d<*fiekmt diet vaHmdarization after 4 days, rat killed after 

SI days on the did. 
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EAT IN TEEMS OF THE PEOTEIN CONTAINED 
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Division of Animal Niitriiion, Universifif of Illinois, TJrhana 

OKE FIGURE 

(Received for publication July 7, 1947) 

Eecently several studies have been reported of the protein 
value o-f foods for mature animals using a method proposed 
by Melnick and Cowgill (’37) and demonstrated with dogs. 
The method invmlves the use of animals in negative nitrogen 
balance at various levels of nitrogen intake, and receiving 
adequate caloric intakes. Under such conditions the relation- 
sliip between nitrogen intake (or absorbed nitrogen) and 
nitrogen balance is a linear one. The quality of the protein as 
well as the quantity needed to maintain nitrogen equilibrinm 
can be estimated from the mathematical description of the 
regression line describing the relationsliip. This method was 
used by Harris and Mitchell (’41) to study the utilization of 
urea nitrogen in sheep and was also employed by Allison and 
Anderson (’45) to study the quality of various pi'oteins fed 
to dogs. The method was adapted to human subjects in a 
study of protein requirements in terms of different foods liy 
Bricker, Mitchell and Kinsman (’45) and later, in a modified 
form, by Hegsted and coworkei's ( ’4G) who applied it to mixed 
diets. The present report deals with an application of this 
method to adult male rats. 

^ Tile data, reported in this paper were taken in part from a thesis iirescnted l>y 
Mildred Brkker to the Graduate School of tlie University of TUinois in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy, 
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.EXPERIAIEKTAL PROCEBUBE 

Ten adult male albino rats were fed low-protein diets at 2 
Je^^4s of intake in amounts sufficient to maintain body weight 
mid energy etiuilibriiim. Tlie food protein sources, dried de- 
tatted whole egg’, dried skim milk and soy flour (low-fat, ex- 
peller process) were each fed at one level estimated to give a 
negative nilix^gen balance and then at a lower level. 

TABLE 1 

Composition of experimental diets. 



1»IKT A 

DIET B 

DIET 0 

DIET D 

DIET F 

Starclii 

31.28 

29.91 

27.21 

22.86 

23.57 

Cerelose 

40.00 

40.00 

40.00 

40.00 

40.00 

Vitamin supplement ^ 

5.00 

5.00 

5.00 

5.00 

5.00 

Alineral salts 

4.00 

4.00 

4.00 

4.00 

4.00 

Sodium chloride 

1.00 

1.00 

1.00 

1.00 

1.00 

Wood flock 

Lard 

4.00 

4.00 

4.00 

4.00 

4.00 

9.65 

9.48 

9.94 

9.90 

9.26 

Wheat germ oil 

0.50 

0.50 

0.50 

0.50 

0.50 

C(»d liver oil 

1.50 

1.50 

1.50 

1.50 

1.50 

Barium sulfate 

1.00 

1.00 

1.00 

1.00 

1.00 

Pried defatted whole egg 
Pried skim milk 

3.07 

4.61 

5.85 

10.24 

Soy flour * 




10.17 

Total 

101.00 

101.00 

100.00 

100.00 

100.00 

Pereeiit protein (N X 6.-5) 

2.H8 

3.38 

2.38 

4.02 

5.L5 


19.S1 

40.00 

5.00 

4.00 

1.00 

4.00 
8.96 
0.50 
1.50 

1.00 


14.23 


100.00 

7.14 


th. starch vehicle provides in 100 gni of 

the did. oOO/ig thiamine, 650 Mg riboflavin, .SOO^g pyridoxine, .Smg pantothonic 
acid, 400 mg choline, 60 mg nieotinamide and 500 fig ascorbic acid. ^ 

“Low-fat esjioller process soy flour obtained directiy from the A E Stalev 
Manufacturing Company, Becatur, Illinois. ‘ ^ ^ 

Pi'otein, diets containing higher levels were em- 

oi tlf secured 
on the 2 lower levels, to support approximate nitrogen equi- 

tZ. " TT'T exception of 

hate a 1 the diets similar and adequate in nutritive value in all 
rospeets except protein. The total amount of fat was kept at 
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129^, including the fat in the test foods. Barium sulfate was 
used as a filler so that on days when feces markers Avere given 
the barium sulfate could be reiolaced wuth ferric oxide. 

The quantity of diet given each rat was sufficient for energy 
equilibrium as measured in a pre-feeding period of 11 days 
by maintenance of constant body weight. On each diet a 
5-day preliminary adjustment period Avas folloAved by a 
7-day collection period. Urine samples Avere preserved Avith 
dilute hydrochloric acid and pooled for the entire Aveek. The 
Aveek’s feces samples Avere composited, dried at 110°C. and 
ground before analysis. Nitrogen analyses Avere made on the 
food and excreta by the macro-Kjeldahl method, using mer- 
cury as a catalyst. 


EXPEEIMENTAL BESULTS 

The essential data from the metabolism studies with Avhole 
egg protein fed at the various dietary levels are summarized 
in table 2. The food intakes of the rats wei’e essentially con- 
stant from period to period. With increasing leA’els of nitro- 
gen intake, the fecal nitrogen per gm of food shoAved no sig- 
nificant change, averaging 1.21 mg. This circumstance shoArs 
that the nitrogen of the Avhole-egg preparation used in these 
experiments Avas completely digestible and that the fecal ni- 
trogen is all of body (metabolic) origin, confirming the ob- 
servations of Mitchell and Carman (’26b). 

The daily luinary nitrogen per unit of metabolic mass 
(W^ gm) actually decreased AAdth successive increases in nitro- 
gen intake, averaging 0.826, 0.737 and 0.692 mg, respectively. 
The nitrogen balances become less negative and, eventually, 
positive. Comparing the aAmrage changes in nitrogen intake 
Avith the aA’erage change in nitrogen balance, it appears that 
an increase of 1 mg of nitrogen consumed is associated with 
a decrease in the loss of nitrogen to the body of 1.28 mg in 
passing from the loAvest to the intermediate level of dietary 
protein, and of 1.38 mg of nitrogen in passing from the inter- 
mediate to the highest level of dietary protein. This anomalous 
relationship probably signifies a depression in the minimum 
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m 

(Mulog-eiions c-nfabolisiii oi" iiitrogoii witli coutiimed expevimen- 
taii(H) involving pnolonged pniiods of nitrogoii depletion, anal- 
ogons to llie depression in the l)asal inetabolisin after long 
l>eriods of inanition. 

That iJii.s is not a .specilic (‘ffeet of egg protein i.s indicated 
by the resnils of an earlier ox])erinient on young rats. Two 
groups of 4 rals each were fed alternately, in successive (and 

'i'AliOK 2 

ri„‘ nilr.Hirii II,< Itihnlism of the rals 0,1 11 Irrals of whoh- (nr/ pmtHvs. 


HAT 

N*(). 


K!.<'aTj nitk(k;k*v pkh r;jr 
op FOfJfi roN'.SVMl.i) 


fKI.NAlIY NiTUOttKK 
:t 

TKK W ' CM 


IiMLV KITItOOKX BALAJs-(<k 











prntoin 

‘ protoin 

lirDtoin 

•• prou'in 

protein 

Tirol (‘in ~ 

propnn 


ill'/ 

in;/ 

Ilf;/ 

ill// 

m;/ 

nil/ 

in v 

.1 

1.20 

1.09 

1.09 

0.87 

0.08 

0.60 

— 29 


l.Ul 

1.11 

1.17 

0.88 

0.71 

0.73 

oo 


.1.19 

1.20 

1.20 

0.75 

0.64 

0.68 

—21 

4 

1.15 

1.18 

1.22 

0.71 

0.60 

0.66 

—17 

5 

1.08 

1.10 

1.10 

0.71 

0.76 

0.69 

—15 

7 

1.22 

1.28 

1.09 

0.72 

0.67 

0.58 

—21 

8 

1.3() 

1 

1.11 

0.74 

0.66 

0.61 

—28 

1 1 

1.17 

.1.20 

1.84 

1.00 

0.97 

0,88 

—34 

12 

1.87 

1.40 

1.29 

0.94 

0.88 

0.90 


14 

1.88 

1 .8 1 


I.oO 

0.85 


— 1:‘ 

Avor- 


1.20 

1.28 

1.19 

0.820 

0.787 

0.692 

—26.7 

' In UU‘SP hp; 

Miin?j;s, tin 

i‘ ItM'lll 

{trot (‘in nO'pr.s to 

i'(>nv(‘utiunj.il ifi 


:i.28% 

protein 


proi<>in ' 


rutj 

+ ().8 
4 ~ 0.5 
+ 2.8 
+ L8 
— 2.8 
— 0.8 

— 1.7 
— 17.1 
— 10.0 
— 1 0.7 

— rj.i 


'in;) 

+ 17 
4 - 9 
+ M 

+n 

+14 

+20 

+20 

+20 

—0.4 


+ 18.9 

.... tvciv gprnort out Iriun July 9 to 10, July 23 to 29 

«»* iff J^<*] >t(‘}uh{*j* 4, roHinH' i V. 

< to rot from .'J.SO 

iiitn'!-",'/ doerapns ,ns-! ), m aii altciniif to approximate the level required for 
e(|U7h])rium. ^ 


conhmions) v-day nietal)olism ])oriods, a 4% egg-protein diet 
and a nitrogen-froe diet. The order of alternation differed 
m t le groups. The data are summarized in table 3 The 
rut o of decline in urinary nitrogen per W" gin is again evident, 
Hit It js not appimciably affected by tlie order of feeding of 
the experimental diets. Hpeciiically, the individual differences 
in tli(‘ 2 groups of rals helween tlu^ observed value for the 
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second period and the mean for periods 1 and 3 were not 
statistically distinct (P = ea. 0.27). 

This experiment shows also that the nitrogen of whole egg 
is completely ntilized in the metabolism of the growing ra'l: 
within the limits of accuracy of the methods nsecT, oonflming 
again the results of Mitchell and Carman (’26b). That this 
is also true for the adult male rat is demonstrated by the 

TABLE 3 


The iiinisalioii of the nitrogen of whole egg hg the growhifi mf. Sneecssive 
7-rlaji collection periods. 


DIET 

NO. 

OP 

RATS 

AVISRAGE 

BODY 

WEIGHT 

daily 

POOD 

AVERAGE 

AVER AG 13 
FECAL N 
PER. UM 

OF FOOD 

AVERAGE 

F KIN ARY N 

PER GM 

AVER \GE 
DIITNAUV 
N PER. 

W^GM 

FOR 

periods 

1 AND 3 

Nitro^ren — Low 

4 

fjm 

57.1 

tm 

8.34 

nif] 

1.74 

hit; 

1.138 

mf} 

4% egg protein 

4 

55.6 

3.39 

1.9S 

.853 

.910 

Nitrogen — Low 

4 

52.7 

2.62 

L41 

.683 


4% egg protein 

4 

60.8 

3.36 

2.13 

1.057 


Nitrogen — Low 

4 

56.1 

3.25 

1,44 

.780 

.888 

4% egg ])rotein 

4 

55,6 

2.68 

1.77 

,719 



data collected in tables 4 and 5, taken from unpulilished ex- 
periments in this laboratoiy (Treichler, ’39). Both groups of 
rats subsisted for 14 days on the 4% egg-protein diet, col- 
lections of excreta being made for the last 7 days only. In 
this period the daily urines were composited for analysis. 
The rats were then put upon a nitrogen-free diet in which the 
dried defatted whole egg was replaced by sucrose, and the 
daily urine collections were analyzed separately with the re- 
sults shown in the tables. All diets contained 22% of fat and 
approximately 4.6 cal. of gross energy per gm. 

The rats yielding the data in table 4 averaged about 240 gin 
in weight. Their urinary nitrogen output per day was not 
significantly different on the 2 diets. Expressed per W" gin 
per day, the averages were 0.786 mg of nitrogen on the Ioav 
egg-protein diet and 0.727 mg on the nitrogen-free diet. A 
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TABLE 4 


The utilimtion of the nitrogen of whole egg at low levels of intalce hy young 
mature rats at on maintenance rations.'- 


r>AYS 

ON 

TEST 

AVKRAOE 

I)\TLY 

N INTAKE 


OAIIjY excretion of urinary nitrogen 


Eat 55 

Rat 68 

Rat 61 

Rat 84 

Rat 67 


m.; 

iiiif 

ma 

Wff 

m;y 

mi) 



4% egg-protein diet 



7 

52 

52 

41 

46 

55 

47 



Low-nitrogen diet 



1 

5 

53 

43 

46 

46 

36 

2 

5 

55 

46 

49 

53 

36 

3 

5 

40 

44 

42 

41 

44 

4 

5 



38 

40 

40 

5 

5 



48 

37 

39 

6 

5 



43 

44 

41 

7 

5 



47 

39 

46 

S 

5 



36 

38 

42 

9 

5 



52 

35 

46 


^ Taken from tlie thesis of Bay Treichler (’30). 


TABLE 5 


The liiiluation of the nitrogen of whole egg hy older mature rats on maintenance 
rations at comfortable temperatures.'- 


RAYS 

OK 

TEST 

AVERAGE 

oAinv 

N INTAKE 


UAnjY EXCRETION OF URINARY NITROGEN 


Rat 20 

Bat 30 

Bat 31 Rat 3S 

Ratos 

Rut 34 

Avt'rajajG 
for 6 rats 


m.'/ 

mu 

m.f) 

mr) 

mf) 

mu 

mu 

mg 




egg-protein diet 




7 

64 

77 

70 

70 

86 

72 

58 

72 




Low-nitrogen diet 





1 

5 

63 

49 

47 

56 

65 

50 

55 

o 

5 

70 

46 

61 

54 

61 

61 

59 

3 

5 

75 

50 

50 

63 

61 

53 

59 

4 

5 

85 

51 

90 

57 

62 

62 

68 

5 

5 

68 

54 

53 

60 

74 

40 

60 

6 

5 

75 

57 

65 

59 

55 

40 

60 

7 

5 

65 

42 

55 

54 

60 

51 

54 


Taken from the thesis of Bay Treidiler r’aO). 
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statistical analysis of the differences for individual rats af- 
forded no basis for suspecting a diet effect. The rats were 
in negative nitrogen balance in both periods. 

The second group of rats (table 5) averaged 390 giu in 
weight, and here the urinary nitrogen on the egg-protein diet 
averaged higher for all 6 rats than that on the low-nitrogen 
diet, 0.821 mg per gm against 0.680 mg. The probability 
that a fortuitous combination of the uncontrolled factors in 
the experiment could have produced an average difference as 
lai-ge or larger than this, and in the same direction, is only 
0.016 (Student, ’08) and may be neglected. However, in this 
experiment all rats were in positive nitrogen balance on the 
egg-protein diet, averaging 19.7 mg per day, so that the urine 
may have contained nitrogen consumed in excess of body 
needs. 

The experimental data in these 2 tables bring further sup- 
port to the conclusion that Avhole-egg protein is utilized in 
the metabolism of the mature rat with little or no wastage 
(table 4), or at least they are not in contradiction necessarily 
wdth this conclusion (table 5). It is to be noted in particular 
that egg protein in no case depressed the urinary nitrogen 
level secured on a low-nitrogen diet, in contrast to the obser- 
vations reported by Brush, Willman and Swanson ( ’47 ) . 

Since the data on fecal nitrogen presented in table 2 indicate 
clearly that the nitrogen of the preparation of dried defatted 
whole egg used in these tests is completely digestible, the 
metabolic nitrogen in the feces may be computed in tests with 
other proteins by using the factor 1.21 mg per gni of food. 
This procedure has been used in computing the true digesti- 
bility of the nitrogen of milk and of soy flour wdth results 
summarized in table 6. The average true digestibility of milk 
nitrogen for these mature rats was 95.3 and that for the soy 
flour nitrogen tvas 90.4, 

On the basis of evidence already presented, a biological 
value of 100 wms assumed for the egg proteins. Therefoi'e, 
the average urinary nitrogen excretion on the first 2 egg 
periods was assumed to be the endogenous nitrogen. These 
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yiliies may be expre,ssed in relation to tbe basal metabolism, 
‘compare them witli those published by Smuts 
(’35). The surface area of each rat was, therefore, estimated 
by the Lee ( ’29) formula. A basal metabolic rate of 686 (S.D. 
97) cal. per m“ per 24 hours was then assumed. This figure 
is an average of 70 basal metabolism determinations found 
ill the liieralure. In arriving at this figure, the surface areas 
of the rats were all cominited, or recomputed, by the formula 
ol Lee. Ibis meant recalculation of the original values in 




T/ic tnir iniwMibility „f the pmlriim ( iiifro,-/e,i ) in mill- unci in soy flour 
for maUnu' rnfs. 


UAT 

AT.MPKlt 

MILK iM 

lOTKINS 

StlY rLOlUt PKOTEINS 

Trill? 

Biologifnl 
vnluf* J 

Trill > 

diijestibility 

Bioloigicul 
value ^ 



f 



0 

93 

96 

93 

51 


9o 

87 

88 

48 

Z 

94 

90 

92 

51 

• 4 - 

97 

so 

91 

45 

b 

94 

8S 

88 

50 

7 

04 

S3 

SO 

53 

8 

!)S 

82 



n 

12 

94 

(ii? 

96 

90 

62 

14 

os 

76 

100 

92 

56 


9b.3 

SS.6 

90.4 

52.0 


^ :: • . unvogim outputs iu eoluum [5 of table 7 

ainl proeeediug ni af-eordaiipe witli the methofl of Mitdiell ( T4L ^ 

some cases. Only data for adult male rats Avere taken in- 
c M(hng 24 liasal metabolic rate determinations by Mitchell 
and (’26a), 15 determinations by Smuts (’35), 26 by 

Estimates of surface area and basal caloric expenditures of 
tlie rats m this ex])eriment are tabulated in table 7 The 
mdog-onous nitrogen in the urine is expressed in mg per basal 
( alone, and avei-ages for all 10 rats 2.162 ± 0.120. This value 
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agrees well with that of 1.988 ± 0.034 mg reported by Smuts 
(’35) for adult rats. 

This experiment was designed on the assumption that a 
linear relationship exists in the mature rat between the ab- 
sorbed nitrogen and the nitrogen balance within the area of 
negative nitrogen balances. In figure 1 this relationship is 
shown graphically. Values foi- individual animals are ex- 
pressed in relation to basal calories in accordance with the 

TABLE 7 

The urifihf, surface area, basal calories, and endogenous nUrogen of ilie aduVl male 
■rats nscd in these experiments. 


RAT 

NO. 

BODY 

WEIGHT 

S OR PACE 
AREA 1 

BASATi 

METABOLISi^r “ 

ENDOGENOUS NITROGIiN 




t'aL/day 

Mu/dny 

mu }mi’ 
ha.'iul i'oh 

1 

312 

393 

26.96 

55.05 

2,042 

o 

313 

394 

27.03 

56.44 

2.0SS 

3 

324 

402 

27.58 

53.00 

1.922 

4 

326 

404 

27.71 

52.50 

1.895 

5 

314 

395 

27.10 

54.75 

2.020 

7 

364 

432 

29.64 

57.66 

1.945 

8 

408 

462 

31.69 

63.66 

2.009 

11 

294 

380 

26.07 

69.66 

2.672 

12 

334 

410 

28.13 

69.10 

2.456 

14 

336 

411 

28.19 

72.51 

2.572 


•uu 

^ Calculated by tlie Lee f ormiilaj Si.,n 2 “ 12.54 W gni 

^ Assuming a basal metabolic rate of 680 enl. per square meter per 24 hours. 

Terroine (’27) -Smuts (’35) principle. Eegression lines wore 
then fitted to the data by the method of least squares. The 
equation, Y = a + was used, in which Y represents the 
nitrogen balance, X the intake of absorbed nitrogen, n the 
intercept on the X axis, i.e., the amount of nitrogen excreted 
in the urine and feces when no nitrogen is consumed, and h 
the rate of increase in Y as X increases, or the biological value 
of the protein, all values being expressed per basal calorie. 
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Tlie resulting equations are : 

X === 0.990 X — 2.757 for egg proteins, 

Y ““ 0,857 X — 2,727 for milk proteins, and 

Y ~ 0.494 X —-2.711 for soy flour proteins. 

Tlie biological values (the h constants) indicated by these 
equations, expressed as percentages, are 99 for egg proteins, 
86 for milk proteins and 49 for soy proteins, slightly less than 
tlie values that may he computed for the individual rats on the 
assumption of a biological value of 100 for egg proteins. These 
iiidividnal values have been summarized in table 6. 



Fig. 1 The relatiojiship between tlie truly absorbed nitrogen (X) and the 
nitrogen balance (T) on the different experimental diets. In the equations given, 
the a value represents the nitrogen excretion at O intake and the 6 value, the 
slope of the line, or the biological value of the protein. The points at O intake 
are the average fecal plus urinary nitrogen excretion on the 2 low-cgg periods. 
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The amount of absorbed nitrogen required for equilibrium 
may be calculated by solving for X when T = 0. Thus, in 
terms of truly absorbed nitrogen, 2.784 mg of egg nitrogen 
per basal calorie, 3.179 mg of milk nitrogen and 5.484 mg of 
soy-flour nitrogen are needed to maintain nitrogen equili- 
brium in the rats studied. 

The amounts of total food nitrogen needed to maintain ni- 
trogen equilibrium can be calculated by dividing the require- 
ment of truly absorbed nitrogen by the true digestibility 
coefficient expressed as a decimal and are as follows : 2.784 nig 
of egg nitrogen per basal cal., 3.337 for milk and 6.066 for soy 
flour. When these nitrogen values are coiwerted to the neces- 
sary per cents of protein in the diets used in this experiment 
they become 3.60 for egg, 4.33 for milk and 7.61 for soy pro- 
teins on the dry basis. 


DISCUSSION 

In similar studies by the authors (Bricker, Mitchell and 
Kinsman, ’45) on human subjects a value of 2.76 mg of total 
milk nitrogen per basal cal. was needed for the maintenance 
of nitrogen equilibrium. This is to be compared with the 
value, on the same basis, of 3.34 mg for the rats in this study. 
If both requirements are computed on a weight basis, that 
for the human is 65 mg of nitrogen per kg and for the rat, 
229. The agreement between the former values, as well as 
the disagreement between the latter is in harmony with the 
conclusions of Terroine (’27) and of Smuts { ’35) that protein 
requirements for maintenance are related to surface area 
and basal metabolism rather than to body weight as is all 
too commonly assumed. 

The corresponding values for soy-flour nitrogen are 2.88 mg 
per basal cal. for the human adult and 6.07 for the adult rat. 
The difference in this case is large. It may be due, but only 
in small part, to a difference in heat treatment of the soy flouis 
fed to the 2 species. It is most likely largely traceable to a 
difference between the rat and man in the relative require- 
ments for sulfur-containing amino acids that limit the bio- 
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logical value of soy flour proteins (Johnson et ah, ’47: Cox 
et ah, ’47), for the rat at least. 

Barnes, Bates and Maack (’46), employing essentially the 
same technic as that used in this study, reported that mature 
male rats require for the maintenance of nitrogen equilibrium 
11.2 mg of apparently absorbed egg nitrog’en per day per 
100 em^ of body surface and, for 2 different soy flours, 13.6 
and 15.1 mg of apparently absorbed nitrogen. Using the Lee 
formula (’29) for the estimation of surface area rather than 
that of Carman and Mitchell (’26), and assuming a body 
weigiit of 325 gm, raises these requirements to 14.9, 18.1 and 
20.1 mg N per 100 em“. The values obtained in this experiment 
are 19.0 mg’ of truly digestible egg nitrog’en and 41.2 mg’ 
of truly dig’estible soy flour nitrogen per 100 cm- of body 
surface, or in terms of apparently digestible nitrogen, as- 
suming 1.2 mg metabolic fecal N per gm of food (table 2), 
15.0 mg egg’ N and 37.2 mg of soy flour N. The former value 
agrees well with the corresponding value of Barnes and as- 
sociates, but the latter figure is considerably higher than the 
highest of the 2 values for soy flour reported by these inves- 
tigators. 

The biological value of 86 for milk pi’otein agrees well -with 
that of 86 determined by Boas-Fixsen and Jackson ( ’32) on 
4 mature rats fed rollei’-process dried millv at a 7% protein 
level, and less rvell •with that of 78 on mature rats fed at a 
5% protein level by Sumner (’38). Sumner (’38) in the same 
study reports a value of 94 for egg proteins fed to mature 
rats at a 5fo level of protein. Henry, Kon and Rowland ( ’46) 
obtained a biological value of 73 for milk protein for mature 
rats at an 8% level, a level too high to afford any assurance 
that dietary nitrogen is not wasted in metabolism merely be- 
cause it is consumed in amounts exceeding requirements. 

SUMMABT AISTD CONCLUSIONS 

Ten adult male rats were fed 2 dietary levels each of milk 
and soy flour proteins and 3 dietary levels of egg protein ; all 
of the former and 2 of the latter dietary levels Avere asso- 
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ciated with negative nitrogen balances. Tiie linear relation- 
ship between truly absorbed nitrogen and nitrogen balance 
was described by regression equations fitted to the data by 
the method of least squares. 

The amount of truly absorbed nitrogen (corrected for the 
metabolic nitrogen in the feces) reqiiired for nitrogen equili- 
brium was computed from these regression equations to be 
2.78 mg of egg nitrogen, 3.18 mg of milk nitrogen and 5.48 mg 
of soy flour nitrogen per cal. of basal heat. The biological 
values indicated by these regression equations are 99 for 
whole egg nitrogen, 86 for milk nitrogen and 49 for soy flour 
nitrogen. 

The nitrogen of the defatted dehydrated whole egg prepa- 
ration used in these studies was completely digestible by the 
adult rat and, at the low levels of feeding used (2.38 to 4.62% 
conventional protein) the absorbed nitrogen %vas practically 
completely utilized in adult rodent metabolism. Neither in this 
experiment, nor in previous ones on adult rats carried out in 
this laboratory, has egg protein been observed to depress ap- 
preciably the minimum endogenous metabolism of nitrogen. 

The total requirements of milk nitrogen per basal cal. for 
nitrogen equilibrium in the adult rat and the adult human 
are not greatly different, being 3.34 mg and 2.76 mg, .re- 
spectively. The requirements of soy flour nitrogen on the 
same basis are much g-reater for the rat than for the human, 
6.07 mg and 2.88 mg, respectively, testifying to the greater 
relative requirement of the rat than of the human for the 
amino acid severely limiting the nutritive value of soybean 
protein, namely, methionine (or cystine). 
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The iiicreasing use of dehydrated foods, particularly duriug 
World War IT, would seem to make desirable a complete study 
of their nutritive value. The prolonged periods over which 
such foods may be stored without spoilage as compared with 
fresh foods make them especially adaptable for army use. 
This property also is of importance in the use of dehydrated 
foods for relief overseas. The lowered bulk combined with 
the great decrease in weight of the water-free food makes the 
shipment of much larger amounts of food possible wdth a 
limited amount of shipping space. 

^ This work was done under a contract between the University of Southern 
California and the Eesearch and Development Branch, Military Planning Division 
of the Office of the Quartermaster General, U. S. A. 

The subject matter of this paper has been undertaken in cooperation with tlie 
Committee on Food Eesearch of the Quartermaster Food and Container Institute 
for the Armed Forces. The opinions and conclusions contained in this report are 
those of the authors. They are not to be construed as necessarily reflecting the 
views or indorsement of the War Department. 

^Address: Harriman- Jones Clinic, Long Beach, California. 

^ We wish to thank Mr. W, E. Harrimaii, Director, and Dr. Douglas W. Eitcliie, 
Medical Director, for making the arrangements essential to this study; and to 
acknowledge the invaluable assistance of Miss Alice Jindra in planning and 
preparing the diets. 
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The use of dehydrated foods has been accompanied in some 
eases by a reduced acceptability. In some instances this may 
have been due to an unsatisfactory processing in the prepara- 
tion of such products; in many more cases, it was probably 
related to an inadequate training' or knowledge of the methods 
of preparation of such foods by the chefs. Methods which 
are satisfactory for the preparation of foods in the quantity 
needed by a small family may be unsatisfactory when used for 
the preparation of foods in the quantities required by the 
average army mess. However, processing difficulties have 
been largely overcome with increasing experience and the 
products now available are markedly superior to those avail- 
able during the early days of the war. Greater experience in 
the preparation of dehydrated foods has lessened the failures 
encountered in the kitchen. 

There has been some question about the satiety value of 
dehydrated foods as compared with the corresponding fresh 
foods. If satiety value is related to bulk, and a complete 
rehydration of such dried foods did not occur in their prepara- 
tion, such assumptions might have some scientific basis. Other 
changes might also occur during processing which might affect 
the acceptability of the dehydrated food. 

The present study was undertaken to determine whether 
dehydrated foods had the same nutritive value as fresh foods 
when tested by such methods as the determination of their 
digestibility, their ability to provide nitrogen equilibrium and 
to maintain body weight. The experiments were also designed 
to determine how the acceptability of dehydrated foods com- 
pares with that of fresh foods. It was hoped that the tests 
might give some information as to whether any alteration in 
water balance might accompany the use of such dried foods. 

EXPEEIMENTAL 

Snhiects 

The studies were* carried out on 8 male volunteers who were 
]>aticnts at the Rancho Los Amigos. Some of them werci 

' This is Clip of llic! eliroiiic units of the I.os Angeles County Ifospital .System. 
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tlie same individuals who had served on a previous study on 
methionine (Johnson et ah, ’47). The men ranged from 32 
to 56 years of age, from 123 to 179 lbs. in weight and from 
66 to 75 inches in height. They were not suffering from any 
ailments which would be expected to alter their digestive 
processes or their nitrogen metabolism. The subjects were 
confined to one ward which wms exclusively used for this test. 
A nurse or attendant wms present at all times and during the 
day 2 nurses and an attendant were on duty. The subjects 
were allowed to leave the ward but only under supervision. 
Cigarettes, cigars and newspapers w'ere furnished and the 
diets were more elaborate than the usual hospital fare. These 
factors combined 'with the personal attention made it possible 
for us to obtain cooperative subjects in spite of the monotony 
and prolonged confinement necessary for the experiments 
reported hero. 


Diets 

The diets were prepared in the diet kitchen at the Eancho 
Los Amigos, and the portions weighed out for the individual 
trays at the ward. ’ The entire meal wms eaten by the subject, 
The amount of wmter taken in was also controlled. During the 
last period of each test, the subjects were allow'ed to have the 
food ad lihif’um in additional portions of f, J, or a portion 
equal to that usually taken with the stipulation that increased 
amounts of all components of the diet be consumed. In this 
w'ay an attempt was made to obtain an index of the accepta- 
bility of the food. 

Four menus were employed each of wdiich provided approxi- 
mately 12 gm of nitrogen and 2,000 cal. The order in wbieh 
they were served was in some eases varied to prevent pre- 
diction of menu, but during each 8-day metabolic period, each 
menu was repeated twice. The components of the diets are 
given in table 1. 

The composition of the 4 menus is indicated in table 2. 
Menu IV was served on Sunday since the cold meal in the 
evening made it the most practical for that day. 
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'CABLE 1 

Did coinponcnis lined in the ntudien on fresh ituil dehyd relied foods. 


T’lM';sir FOOD DIKTS 


DKllYDRATKl) FOOD DIKTS 


Canned beef, chicken, liam, lamb, pork or veal^ 
]\Eargariiie 
Coft‘ee 
Sugar 


Fresh Idaho potatoes ” 

Bread 

Apricots (canned, wator-xiackecl) 
Peacdies (canned, water -packed) 
Whole milk 
Fresh eggs 

Orange juice ® 


Dehydrated diced potatoes - 

Crackers 

Dried apricots “ 

Dried peaches " 

Bi)ray-dried ayIidIc milk yiowder * 
Dried egg white 
Dried egg yo3k •" 

Orange juice coneeutrate * 


^ Specially prepared by arrangement with Dr. Victor Oompiest, xVrnuiur and Co. 

^ Obtained from Rogers Brothers, Idaho Falls, Idaho. 

•^Obtained thriaigh the courtesy of Dr. Fmil Mrak, ITiiiversity of California at 
Berkcdey. 

Challenge brand. 

■-’Obtained from the Seymour Packing Co., Topeka, Kansas. 

“Valencia oranges used. 

^Concentrate from Valencia oranges obtained from the California Ihaiit Growers 
Exchange, Ontario, California. 

Analytical methods 

Nitrogen detominations were made on the nriiie, dried 
feces or aliquot of the mixed food sample by the macro 
Kjeldahl method. Urinary creatinine Avas determined colori- 
metrically using the Klett-kSumnierson colorimeter. 

The analyses of the food samples were carried out ou au 
aliquot of combined samples of extra meals weighed out at 
the regular mealtime. The samples from each day were thor- 
oughly comminuted in a Waring hlendor and the contents 
Avere made up to approximately 3800 ml Avith measured 
amounts of Avater. This mixture was sutReieutly liquid to he 
pipelted for nitrogen or Avater determinations. Fat was deter- 
mined by the Soxlilet method on the dried residue. 
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TABLE 2 


The composition of the different menns rmploped. 


BKKAKPAST 

DINNER 


SUPPER 


Food 

Amt. 

Food 

Amt. 

Food 

Amt. 


gin 

Menu I 

gm 


gM 

Scranibled egg 

35 

Lean roast beef 

85 

Potato soup 

218 

with diced ham 

10 

Prciich fried 


Margarine 

7 

Hashed brown 


potatoes 

125 

Peaches 

100 

potatoes 

205 

Margarine 

7 



Margarine 

14 

Apricots 

100 



Sugar 

35 





Menu II 

Egg omelet 

54 

Boast pork 

50 

Oukl sliced beef 

50 

with diced ham 

10 

Buttered potatoes 206 

Oven browned 


Diced browned 


Margarine 

14 

mashed potatoes 

13S 

potatoes 

205 

Apricot wiiip 

87 

Margarine 

14 

Margarine 

14 



Peaches 

100 

Sugar 

35 





Menu III 

Scrambled eggs 

45 

Boast veal 

40 

Mashed potatoes 

188 

Pried potatoes 

177 

Baked potato 


with diced 


Margarine 

14 

(no skin) 

200 

roast larah 

25 

Sugar 

30 

Margarine 

14 

Margarine 

7 



Baked custard 

150 

Peach in gelatin 

153 


Menu IV 


Potato cake 

187 

Boast chicken 


Potato sjilad 

200 

Margarine 

14 

(} light and 


Margarine 

9 

Sugar 

7 

1 dark meat) 

SO 

Apricots 

100 



Mashed potatoes 

188 





Gravy 

65 





Margarine 

9 





Orange sherbert 

166 




Additional foods served. 

All meals — Bread 30 gm 

Whole milk 169 gm (I and IV) ; 113 (II and III). 
Breakfast — Black coffee, 180 gm 

Strained orange juice, 183 gm (I, IT, III) ; 198 gin (lY). 
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The diets in the 3 series of tests were calculated to contain 
approximately 12 gm of nitrogen. However, the protein levels 
were somewhat lower during the period when the dehydrated 
foods were fed. The variations in nitrogen determined on 
food samples in the several series are given in table 3. 

TABLE 3 

Nitrogen content of diets as determined hg analgsis. 


SKRIKS 

SfBNH I 

MENU TI 

MEKTT III 

MBNir rv 

SericH A (fresh) 

5 samples eacli 

12.88 

(12.30-14.17) 

12.99 

(12.47-13.19) 

11.32 

(10.04-12.2S) 

13.61 

(12.74-14.12) 

Series B (dehy- 
drated) ^ 

8 samples each 

11.36±0.20 

(10.83-12,74) 

10.51±0.37 
( 9.20-12.48) 

10.70±0.23 
( 9.87-12.20) 

12.88±0.16 

(12.14r-13.04) 

Series 0 (fresh) ^ 
10 samples each 

13.28±0.26 

(12.20-15.15) 

12.99±0.17 

(12.22-13.73) 

12.54±0.15 

(11.60-13.00) 

13.69±0.18 

(12.74-14.72) 


Tile values in parentheses are the maximum and minimum values. 

^Includes standard error of the moan calculated as follows 2dVn/Vn where 
is the deviation from the mean and '^n’^ is the immher of observations. 


Plan of the experiments 

The subjects were placed on the diets generally for 2 days 
as an orientation period before the collections of urine and 
feces were started. The urine collection w'as started at 7 a.m. 
prior to breakfast on each day. No markers were used in the 
separation of the feces and collections Avere begun simul- 
taneously with those of the urine. It was considered that the 
16- to 32-day periods employed Avere sufficient to minimize any 
errors to this procedure. 

In the first series of tests carried out from December 3 to 
December 2o, 1946, where tresh foods avoi’o employed (series 
A), only 3 periods were studied. The first 2 Avere each of 8 
days duration Avhen fixed amounts of the foods Avere ingested, 
while the third Avas an ad libitum period of 5 days. The second 
scries of tests (B), Avhich were made on dehydrated foods 
included three 8-day tests on the fixed diets folloAA'od by an 8- 
day ad libitum period (January 6-February 7, 1947). Tlie third 
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series of tests on fresh foods consisted of four 8-day iioriods 
followed by an ad lihifiim period of 8 days (Pebrnary 17- 
i\tarch 28, 1947). 


BESHLTS 

Table 4 records the data on changes in body weiglit as well 
as the figures on which protein and water exchanges are based. 
Idle results are the averages of 8 subjects for series A and B 
and for 7 for most of period C. One subject (no. 8) was trans- 
ferred from the hospital so tliat he w'as no longer available 
for the third series of tests; another subject (no. 4) became ill 
during period IV of series tl However, since urinary 
creatinine was normal up to this period and no albumm or 
sugar appeared, the earlier data are included in the averages. 

In spite of the fact that considerable losses in weight oc- 
curred during each period, the men were able to recover most 
of their w'eight during the nd libitum and the rest periods 
between series A and B and series B and C. The 2000 calorie 
level sufficed to maiutam weight equilibrium with the shorter, 
lower weight subjects but was quite inadequate for 3 of the 
men who were tallest and heaviest. 

The protein level was sufficiently generous so that the men 
were in positive nitrogen balance during all periods. The 
urinary nitrogen was somewhat lower during the periods 
when dehydrated foods were fed which is probably largely 
accounted for by the lower protein intake. Fecal nitrogen was 
quite constant throughout and gave identical averages in the 
periods with fresh and dehydrated diets. Although consider- 
able fluctuations in urnnary creatinine occurred in individual 
subjects from day to day, the average values for each pei’iod 
are quite constant for each subject. The variations may in 
part be related to variations in the intake of creatine since the 
different meats used certainly contained varying quantities of 
creatine. The average creatinine excretion per day was found 
to be identical on the fresh and dehydrated diets. 'We believe 
the creatinine fluctuations were not due to failure to secure 
quantitative collection of the urine. 
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Vidiies for <> subjects only wbo completed all series of fi-sis. 

YaJue at 20 dars for series A (iiicliidiiig orieiitatiou periml) aud 21 days fur senes D and C. 
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The digestibility of tlie fat Avas calcailated 1)y the methods 
usually employed (LaiigAvortliy, ’23). Correction aa'bs made 
for the metabolic fat according- to the procedure of Lang-- 
Avorthy and Holmes ( ’15). The pertinent data are summarized 
in table 5. 

T.ABLE 5 

S'lmmtiri/ ial}le of the fat ingested and the coefficieni of digest ihilitij 


on S male snhjeets. 


SKIM MS OM 
TESTS 


PAT IN’ GM PEll S-DAY in-UflOD 

COEPPTCiENT 

OF 

rUGESTIBTT.lTY " 

Eaten 

Total in 

IMetaholie Fepcs fat 

fat ^ (correa-ted) 

A. 

Frosli 

(529.2)=‘ 

22.2 

10.8 11.4 

98.0 






(96.0-99.5) 

B. 

Di’liTdratod 

555.8 

IS.tj 

10.5 S.l 

98.5 






(95.0-100.0) 

C. 

.Fresh 

529.2 

15.2 

9.2 7.0 

98.7 






(96.3-100.0) 

t 

Weight of dried feees ,X d.OOSP. 




The values in 

parentheses indicate the : 

r.ange of tiie results obtained. 


Based on the values detonnined in series C ivliero the sjuue diet 

was employed. 


The average Avet and dry Aveig-hts of the stools are included 
in table 6, along Avith the nitrogen analyses. The.se are pre- 
sented as evidence that on uniform diets, considerable dif- 
ferences in bulk and dry Aveight of the stools obtain between 
different .subjects. Moreover, there Avould appear to be a fair 
degree of uniformity in the nitrogen content of the stools in 
any one subject but marked variations in the nitrogen leA^els of 
the stools from different individuals. 

The experiments AAdiere ad Uhifum periods Avere employed 
AAmre designed to get objoetive information as to the accepta- 
bility of the fresh and dehydrated foods. These data are 
summarized in table 7. Because period A lasted only 5 days 
Avhile B and C Avere for the standard 8-day inteiwal, the 
response of the subject is calculated as the percentage addi- 
tional rations consumed during the period. The preAuous effect 
of monotony is balanced since tAvo and four 8-day ijoriods 
preceded the ad libitum periods in series A and C, respec- 
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437.1 473.3 44S.1 103.5 10S.7 100..- 
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TABLE 7 

The extra rations requested and eaten dimng the ad libitum period ichile 
receiving the fresh food diet (A or C) or the dehydrated food diet. 


PEllOENTAGH EXTRA RATIONS EATEN 

STTBJ-ECT NO. 

A 

C 

B 

Average 

A + G 

.1 

30 

52 

50 

41 

2 

15 

11 

23 

13 

•a 1 

0 

1 

to 


--^12.5 

4 

0 

0 

4 

0 

5 

40 

24 

64 

32 

6 

40 

37 

35 

38 

7 

0 

0 

0 

0 

8 

20 

. , 

38 

20 

9a 

- 

44 

•• 

44 

Subjects 





Average 1, 2, 

3, 4, 5, 1 

8,7,8 

31 

21 

^ Subject had gained weight and preferred to eat less. 

Since an opportunity for 

a reduced intake was not 

given 

foi* period A, 

these results are not included in 


a,verage. 

^ Omitted from the average since no comparison was available on diets with 
dehydrated foods. 


tively, compared ■with three 8-clay periods preceding the ad 
libitum period in series B. 

Mscussioisr 

The present experiments indicate that food dislies prepared 
from dehydrated products may have as high a degree of ac- 
ceptability as those made from fresh foods. This does not 
entirely agree with the experience of the army where difficulties 
in some cases occurred when such processed foods were used. 

There are 2 possible explanations for the above discrepan- 
cies. In the first place the quality of the dehydrated foods 
now available and which we used must in general be higher 
than in the early war years as a result of the vast amount of 
experience in such processing. Moreover, the products we 
employed were quite fresh and in no case showed any deteri- 
oration. Likewise, methods of preparation which proved to be 
entirely adequate for limited quantities of material in some 
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cases would be unsatisfactory without modification for the 
amounts needed for an army mess. In testing out recipes for 
dehydrated potatoes in the present tests, excellent results 
were obtained in pilot experiments ; however, when the same 
proportions and methods of preparation were employed for 
the larger amounts required for the diets, failure resulted. 
The procedures had to be entirely changed before the pi’oducts 
prepared on the larger scale had an edibility Avhich compared 
favorably with those cooked in the pilot exiieriments. 

One criticism that has been leveled against dehydrated 
foods is the lack of satiety value. This criticism was not borne 
out in the present experiments although avc have no objective 
tests to report on it. However, the remarks of the subjects 
and the answers to questions indicated that the diets prepared 
from dehydrated foods rvere equally satisfying to them as 
those prepared from the fresh foods. Although such data 
are not quantitative, there is evidence from mor(> ret'ent tests 
that we might have expected to experience an immediate 
response from the men had the diet not been satisfactoiy from 
the standpoint of satiety. When tlie potatoes were replaced 
by bread but the same number of calories administere<l, the 
men complained repeatedly over the several weeks that the 
experiments were characterized by continued hunger (John- 
son and Deuel, ’47). 

The digestibility of the diets shows no differences ascribablo 
to the type of food used. The nitrogen loss in the feces whicli 
is generally considered to bo largely pi-eseut in the bacteria 
was identical in the 2 types of diets, being 0.84 and 0.8M gni, 
respectively, when the fresh or dehydrated diets were fed. 

^ The digestibility of the fat in the 3 series of tests was 
found to be especially high. The average in botli series was 
98% or higher where an average of over 60 to 70 gm of fat 
vas consumed daily. Since the fats were primarily made up 
of margarine fat, cream and egg yolk fat with minimal 
amounts of the meat fats, the high digestibility is not un- 
expected. The values previously reported for the' digestibility 
of egg yolk fat in man are 93.8 (Langworthy and Holmes, ’17), 
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for cream, 96.9 (Langwortliy and Holmes, ’17) ai:d for 
margarine fat, 97.2 (Denel, ’46). It is therefore evident that 
as satisfactory fat utilization obtains with the dehydrated 
diets as with the fresh ones. 

Although no determinations wore made of the digestibility 
of other foodstuffs, the uniformity of the dry weight of the 
feces in the 3 series of tests would seem to offer evidence of 
tlie uniformity of assimilation of the otlier foodstuffs on diets 
])repared from dehydrated and fresh foods. 

Another indication of the relative nutritive value of the 
2 types of diets may he gleaned from tlie urinary nitrogen 
levels. The average value of 9.54 gm daily for the samples 
from the subjects during period B is considerably lower than 
the average of 10.34 gm per day for the subjects w'ho received 
the fresh food diet (periods A and C). However, this slightly 
lower figure in the former case must he the result of the 
loAvered consumption of protein when eating the dehydrated 
diets. Although the positive nitrogen balance is considerably 
higher for the subjects I’eceiving the fresh food diet as con- 
trasted with the period when they received the dehydrated 
diets, it is believed that this is to l.)e attributed larguly to the 
higher level of protein fed. 

One of the best indices of nutritive value of a food is its 
ability to maintain body Aveight in the adult. Since the food 
intakes in most cases were too low to allow a caloric equi- 
librium a gradual decline in weight occurred during the ex- 
perimental periods. The average loss of weight after 21 days 
on the dehydrated foods diet (3.05 lbs.) was certainly not 
greater than that after an equal interval on the fresh food 
diets (3,18 lbs.). 

Although the water balance does not include any figures for 
the water obtained by the combustion of foods nor does it 
allow for the loss of water by “insensible perspiration,” there 
is no evidence of an upset in the pathways of excretion of 
the water. The slightly greater positive water balance in the 
dehydrated series (700 vs. 548 gm) may be explained on a 
somewhat higher water intake (94 gm) and the lo%ver exere- 
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tion ill the urine in that series. The lower urine volume might 
he explained because of the lessened diuresis which resulted 
from the lower urea excretion. 

Stool bulk as well as the dried weig'ht of tlie feces were 
approximately the same in all 3 series of tests. ]\Iarked varia- 
tions in the quantities excreted by different subjects were 
noted. Three subjects (2, 3, 7) consistently excreted between 
475 and 600 gm of stools during the 8-day interval while 2 
other subjects (4, 8) had a maximum stool weight under 
300 gm. Similar variations in dry weight are to 'be noted. 
In genei'al, the samples which weighed the least were those 
containing the lowest percentage of nitrogen while the high 
values in nitrogen were generally associated with a large 
production of feces. 

It would also appear from the data presented here, that the 
same subject on a uniform diet excretes a stool with fairly 
uniform nitrogen content. The maximum value for nitrogen 
obtained in subjects 4, 5 and 8 was 6.0% while the minimum 
nitrogen level in subjects 1, 3, 7 and 9 was 6.0%. 

One must conclude that by the methods available for evalua- 
tion of nutritive value in human subjects, namely digestibility, 
urinary nitrogen, stool bulk, weight retention and accepta- 
bility, dehydrated foods compare satisfactorily with the 
comparable fresh foods. 


SUMMARY 

1. Prolonged feeding tests were made on 8 male subjects 
with fresh food diets and comparable diets made from de- 
hydrated foods. 

2. Protein and fat Avere equally Avell digested in the diets 
made from dehydrated and fresh foods. Although the positiv(‘ 
nitrogen balance was somewhat higher on the fresh food diets, 
it is probably due to the somewhat higher level of protein in 
those tests. Considerably lower urinary niti’ogen Amlues were 
obtained on the diets of the dehydrated foods than on those 
made from fresh tood. Losses in body weig'ht on the 2000 
calorie level Avere similar on the 2 typos of diets. 
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3. The average loss of uitrog'oii in the feces was identical 
on the diets of fresh and dehydrated foods. 

4. No alterations in the pathway for the metabolism of 
water were found. 

5. The acceiotability of the dehydrated food diet as deter- 
mined by 'lid libifmu tests was equally g-ood in the fresh and 
dehydrated foods. 

6. Stool bulk showed wide variations between the different 
subjects but was relatively constant on any one subject 
irrespective of the diet. 

7. Considerable uniformity was noted in the nitrogen per- 
centage in the dried stools from any one subject on a fairly 
constant diet although marked variations were noted in the 
values obtained on the stools of the different subjects. 

8. A slightly positive nitrogen retention was observed in 
subjects receiving the diets prepared from the fresh or de- 
hydrated foods in spite of the fact that they were losing 
body weight because of low caloric intake. 

9. It is concluded that the diets made from dehydrated foods 
may be equally as nutritions as those prepared from fresh 
foods. 


LITEBATUEE CITED 

.Deukl, K. J., Jk. liHti Studies on the comparative nutritive value of fats. IX. 

The digestibility of margarine fat in human subjects. J. Nutrition, 
69. 

Johnson, B. M., and H. J. Deuel, Jr. 1947 Unpublished exiieriments. 
Johnson, B. M., H. J, Deuel, Jr,, M. U. Morehouse and J. W. Mehl 3947 The 
etfeet of methionine upon the urinary nitrogen in men at normal 
and low levels of jirotem intake. J. Nutrition, SS: 371. 

Lanuworthy, C. F. 1923 The digestibility of fats. J, Ind. Eiig. Ohem., IS: 
270. 

.L.^NGWORTHY, 0. F., AND A. D. HoLMES 1915 Digestibility of some animal fats. 
U. S. Dept. Agr. Bull. 310. 

1917 Studies on the digestibility of some animal fats, U. S. Dcpit. 

Agr. Bull. 507. 




THE THIAMINE AND EIBOFLAVIN CONTENT OF 
WHOLE WHEAT, NONENEIOHED AND EN- 
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The Pennsi/lvania State College, State College 

TWO FIGURES 

(Eeceived for jHiblication July 5, 1947) 

TLe cereals have long been regarded as very important 
eonstitueiats of the hnnian diet, especially that of low-income 
peoples. In many countries, the process of preparing wheat 
for human consumption has changed greatly during the past 
century. With these changes in processing or milling prac- 
tices, there has arisen some concern as to the probable effects 
of modern milling methods on the nutritive value of wheat 
products. Of .special concern has been the effect of the milling 
process, in the production of white flour, in removing certain 
portions of the wheat berry which are high in essential vita- 
mins and minerals. The nutritional virtues of whole wheat 
flour and so-called dark breads, as contrasted to those of white 
flour and white bread, have been pi-oelaimed by numerous 
adherents. Likewise the superior keeping qualities, the 
greater public acceptability, moi-e desirable baking- proper- 
ties, and other characteristics of white flour liave been simi- 
larly propounded. Suggestions have been advanced as to how 
the nutritive value of white flours may be improved by incor- 

* Now as.'jociated with the Bristol Laboratories, Syracuse, New Torlc. 
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l)orating in tliem, or m the breads made therefrom, certain 
vitamins, minerals and protein supplements.- 

Among the more recent publications of experimental work 
dealing’ Avith various comparisons of Avbole wheat flour and 
enriched white flour is that of Westennan and Bayfield (’45) 
Avho studied the B-complex vitamin content when these ]Drod- 
ucts constituted 30 to 50% of the diet of the test animals. 
These studies included flours enriched in accordance Avith the 
preAuous standard as Avell as in accordance Avith the present 
standard, and it Avas found that Avhole AA’heat AA’as a better 
source of the B-eomplex vitamins tb.an Avas either tlie “Alorris 
type ” flour or the Avhite flour Avhicli had been enriched on the 
basis of the previous standard Avheu these products consti- 
tuted 30 to 50% of the diet. At the 30% level of feeding, the 
Avhole wheat was found to be slightly better than wliite flour 
that had been enriched in accordance Avith the present 
standard. Whole Avheat and enriched flour Avere found to 
promote the same rate of groAA’th AAdien fed at the 40%- level, 
AA'hile at the 50% level enriched flour promoted a faster rate of 
growth than did Avhole AA-heat. 

The authors failed to otfer an explanation as to Avhy AAdiole 
AAdieat, when fed at the 30%. leAml, supported better groAvth 
in rats than did the white flour Avhich had been enriched ac- 
cording to the present formula, AA’hile at the 50% level of 
feeding the enriched flour produced greater gaims in body 
weight than did the AAdiole AAdieat. Prom the above report 
it Avould appear that either the flour Avhich had been enriched 
according to the present standard contained dietary essen- 
tials not present in the Aidieat berry or that the natural Auta- 
mins (thiamine and idboflaAdn), although pi'esent in the AAdiole 
AAdieat in someAvhat loAA’er concentration, Avere utilized, more 
efficiently than Aimre the synthetic vitamins added in the en- 
richment process, especially AAdien the AAdieat and the flour 

literature resume (Monograph) by Dunlap ^'Wliite versus Brown Flour 
•was published in 1045. The enrichment of white flour and white bread in the 
United States began in 104.1, ami an excellent review may be found in the 
Katioiial Eesearch Council publication, Bulletin no. ID, November, 1944, En- 
richment of Flour and Bread — A History of the Movement. ^ ^ 
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were incorporated in the diet at or near the critical level 
(30%). 

From reported researches it is difficult to determine the 
validity of many of the conclusions that have been drawn 
regarding the relative nutritional merits of whole wheat, white 
flour and enriched white flour. This is partly due to the fact 
that the origin of the wheat and of the flours has not been 
stated in some instances, and where this information has been 
given it was obvious that frequently the flours under investi- 
gation had not been made from the wheat to which their 
nutritive value was compared. 

It appears that the most reliable basis on which to compare 
the relative nutritive values of whole wheat and wheat flours 
would he to have all products under investigation come from 
the same natural source; in this instance, from the same 
wheat. It also appears that a study of this particular type, 
especially when wheat and flours of the same origin Avere 
involved, would not be complete unless the investigation also 
included similar studies Avith breads made from the wheat 
and the flours in question. 

The studies reported at this time were conducted with the 
AueAV of ascertaining the effectiveness of the present enrich- 
ment practice in supplementing the thiamine and the ribo- 
flavin content of Avhite flour and also hoAV much of these vita- 
mins is retained by breads made from the AAheat and from 
these flours AAdien the breads are made in accordance Avith 
standard baking procedures. These studies have involved 
only the type of emiched flour produced under the present 
enrichment formula \Ahich has been in effect since October 
1, 1943. 


EXPERIMENTAL 

Materials tested 

As basic materials for use in the investigation, 200 lbs. 
of each, AAdiole Avheat, nonenriched flour and enriched flour, 
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all having’ a common origin, were obtained.'* The flour had 
been produced from the 'svheat through the usual commercial 
milling practice and the enriching of the flour had been carried 
out on a commercial scale. The wheat contained 2.32% nitro- 
gen while the flours contained 2.08% nitrogen (moistui’e-free 
basis). The flour was of 62% extraction. The whole wheat, 
the nonenriehed white flour, and the enriched white flour .were 
each thoroughly mixed, transferred to air tight containers 
and stored at 60°F. until made into bread or until incor- 
porated into the various experimental diets. As it was used, 
the whole wheat Avas ground to a high degree of fineness by 
means of a poAver dri\mn mill. 

Inasmuch as there have lieen arguments presented in favor 
of dark bread and of milk bread just as there are ai’giunents 
in favor of Avhole Avheat bread and of enriched bread, it Avas 
decided to include both dark bread and milk bread in the 
present studies. The dark bread Avas made from a mixture 
of flours consisting of 30% AA^hole Avheat flour and 70% non- 
enricbed Avhite flour. The milk bread Avms made by incor- 
porating 1.5 lbs. of dry milk solids (non-fat) in a bread 
mix containing 25 lbs. of the noneni'iched flour. The com- 
positions of the 5 bread mixes are given in table 1. Sufficient 
distilled Avater was added to the mixed ingredients to form a 
heavy dough. The doughs Avere made into approximately 
pound loaves and baked in the usual manner for 25 minutes at 
450°F. This was carried out in a local bakei'y operating undei’ 
commercial conditions. 

The baked breads Avere removed from the oven, taken im- 
mediately to the laboratory and Aveighed. The breads were 
then crumbled and subjected to preliminary dehydration by 
being exposed to air at room temperature. The final dehy- 
dration was carried out by alloAAung the breads to remain 
overnight in a large hot air OAmn operating at 16(>-162°F. 
The dried breads Avere ground, placed in air-tight containers 

“The authors wish to achnowledge the eonperatioii of Goiierai Mills, Inc., 
Minneapolis, Miimeaota, and :Mei‘ok and Go., Inc., Eahwar, Xew Jersey, in making 
these studies x^ossihle. 
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TABLE 1 


Composition of 'breads. 


COMPONENTS 

whole 

WHEAT 

BREAD 

NONENRICHED 

BREAD 

ENRICHED 

BREAD 

DARK 

bread 

MILK 

BREAD 



Ihs. 

Iba. 

m. 


Flotir 

25.0 

25.0 

25.0 

3.5.0 

25.0 

Sugar 

1.0 

1.0 

1.0 

1.0 

1.0 

Salt 

0.5 

0.5 

0.5 

0.5 

0.5 

Shortening (Crisco) 

0.5 

0.5 

0.5 

0.5 

0.5 

Teast food 

0.1 

0.1 

0.1 

0.1 

0.1 

Milk powder (skim) 





1.5 

Malt syrup 

2.0 oz. 

2.0 oz. 

2.0 oz. 

2.0 OZ- 

2.0 oz. 


Water was added to the above ingredients in a sniiieieiit amount to form a heavy 
dough. The dough was made into approximately pound loaves and baked in the 
usual manner for 25 minutes at 450®F. This was carried out through the co- 
operation of a local bakery operating under commercial baking procedure. 


and stored at approximately 36 °F. until incorporated in the 
various diets. The changes in the moisture content of the 
various breads during baking and during subsequent drying 
are indicated by the data presented in table 2. 

P/'afi of testing 

Since the preponderance of evidence indicated that the pre- 
war American diet contained approximately 30% of its cal- 
ories in the form of cereals, this percentage offered the basis 
for incorporating the ground whole wheat, the nonenriched 
flour, the enriched flour and the breads made from these 
products in the various diets in order to compare their rela- 
tive thiamine and riboflavin content. Hence the ground whole 
wheat and the white flours were incorporated in the diets 
at a level equivalent to 30% of the original flour. This was 
done by taking into consideration wmight changes due to added 
ingredients other than floiir and to moisture additions and 
losses. The ground wheat, flours and breads replaced an equal 
weight of sucrose from the basal diet. All diets wmre made up 
at frequent intervals and were stored at 36°F. until used. 
The percentage composition of the 9 basal diets employed 
as well as the amounts of B-vitamm supplements used are 
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given in table 3. The vitamin supplements other than thia- 
mine, riboflavin and niacin were incorporated directly in the 
diets, while thiamine, riboflavin and niacin ■were fed sepa- 
rately. The thiamine, riboflavin and niacin contents of the 
flours, breads and diets Avere determined at regular intervals 
during the course of the feeding tests. In carrying out these 
assays, thiamine was determined in the enzyme digested 
extracts by the method of Conner and Straub ( ’41), riboflaAnn 
by the Snell and Strong microbiological method ( ’39) except 

TABLE 3 


Percrntacfe composilion of the ha.^al (Hots emploiied. 


DIET NUMBER 

1 

o 

3 

4 

5 

a 

7 

8 

9 

Inf/redients 










Purified casein 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

Salt mixture 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

Hydrogenated cotton- 










seed oil 

8.0 

8.0 

8.0 

8.0 

8.0 

8.0 

8.0 

8.0 

8.0 

Cod liver oil 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

Cell-U-Flour 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

Sucrose 

64.0 

34.0 

34.0 

34.0 

34.0 ± 

34.0ri: 

34.0 zt 

34.0 ± 

34.0 ±: 

Whole wheat flour 


30.0 








Nonenriched flour 



30.0 







Eiiriclied flour 




30.0 






Whole wheat bread 





30.0± 





Nonenriched bread 






SO.Ofl: 




Enriched bread 







30.0 It 



Dark bread 








30.0± 


Milk solids bread 









30.0 It 

Other E-vitamins^ 

+ 

■f 

"i“ 

+ 

4- 

-f 

-f 

+ 



^ All breads were ineliided in tlio diets on the basis of content of original dour 
(30% of dour in the diet), the diderenees in weight between bread and flour being 
coinpensatod for by adjusting percentage of sucrose, 

-Made from 30 parts of whole wheat flour and 70 parts iionenriehed flour. 

•' Contained G parts of skim milk solids, 

Rupplenientod with 200 pg pyridoxiiie hydrochloride, SOO pg Ca pantothenate, 
100 mg choline chloride, 4.0 mg p-aminohenzoie acid and 4.0 mg inositol per 100 gin 
of diet. 

The thiamine, riboflavin and niacin contents of these flours and. breads (in 
mg %), in the order listed, were as follows: thiamine — 0.43, 0.06, 0.46, 0.39, 0.07, 
0.43, 0.12 and O.OS; riboflavin — 0.09, 0.03, 0.29, 0.08, 0.02, 0,24, 0.04 and 0.14; 
niacin — 3.52, 0.69, 3.97, 3.58, 0.66, 3.70, 1,39 and 1.09, resiiectively. 
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that the concentrations of glucose and of sodiinn acetate in 
the finally diluted medium were increased to 2.0 and 2.67c, 
respectively, as suggested by Stokes and Martin (’43), and 
niacin by the Krehl, Sti’ong and Elvehjem (’43) modification 
of the Snell and Wright method ( ’41). 

Diet 1 served as the control since it was essentially free 
of thiamine, riboflavin and niacin but contained all of the 
other dietary ingredients known to be required by the grow- 
ing rat. Diets 2, 3 and 4 contained the flours while diets 5, 
6, 7, 8 and 9 contained the breads made from these flours. 

TABLE 4 


A nall/sis of clieifi. 


PIET 

NO. 

MOIS- 

TURE 

arh 

ETHER 

EXTRACT 

CRUDE 

FIBER 

PROTEIN 
(N X 6.25) 

N.F.E.^ 

VITAMIN CONTENT 

Thia- 

Tuine 

Ribo- 

f5avin 

Nia- 

cin 


% 

Co 

% 

rc 

'■'c 

% 

rjig % 

fftff % 

raff % 

1 

1.46 

3.25 

9.94 

1.25 

16.88 

67.22 

0.00 

0.02 

0.03 

O 

4.95 

3.74 

10.96 

2.09 

2] .56 

56.80 

.14 

.05 

,1.11 

3 

4.31 

3.33 

10.14 

1.26 

20.93 

60.03 

.02 

.03 

.26 

4 

4.83 

3.26 

10.59 

1.20 

21.06 

59.06 

.14 

.12 

1.36 

5 

2.21 

3.86 

12.51 

2.00 

21.44 

57,98 

.11 

.04 

1.20 

6 

3.04 

3.46 

11,17 

1.19 

21.50 

59.64 

.02 

.02 

.19 

t 

2,53 

3.56 

11.68 

1.28 

21,06 

59,89 

.13 

.10 

1.16 

8 

2.19 

3.99 

11.42 

1.84 

20.8-8 

59.68 

.04 

.03 

.45 

9 

2.84 

4.71 

n .25 

1.37 

21,25 

59,58 

.03 

.06 

.33 


^ Nitrogen-free extract* 


The compositions of the 9 diets as well as their average 
thiamine, I’iboflavin and niacin content, as revealed by 
analyses, are given in table 4. Each of the 9 diets was fed 
unsupplemented, supplemented with riltoflavin and niacin, 
with thiamine and niacin, and with thiamine, riboflavin and 
niacin. 'MT.iile no beneficial effects were expected as the 
result of the niacin supplementation, this vitamin was in- 
cduded among the supplements so as to approach conditions 
('omparable to those found in wiiole wheat flour or in enriched 
flour. In carrying out the supplementation, the thiamine, ribo- 
flavin and niacin wmre dissolved separately in a 10-90% 
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alcohol-water solution and were fed daily in the following 
amounts : 13.2 ng, 8.0 |jg, and 105.7 ag, respectively. These 
dosages were calculated to be the equivalent of the intake 
of these vitamins when the test animals were subsisting on 
the enriched flour diet and were consuming, on an average, 
10 gm of the diet daily. 


Test animals 

All test animals employed in the investigation were taken 
from our breeding colony. A total of 38 experimental groups 
comprising 450 young rats were used. Thirty-seven of the 
experimental groups contained 12 animals each (6 males and 
6 females), while the remaining group consisted of only 6 
animals (3 males and 3 females). The animals of this latter 
group [group 1 (2d)] received the control diet supplemented 
by a double portion of the 3 vitamins. 

The young rats were taken from the breeding colony when 
they were 21-23 days of age, at which time their weight ranged 
between 40 and 45 gm (average 43.3 gm). The animals were 
placed directly in individual all-metal cages which were pro- 
vided with raised screen floors (2 meshes per inch) and were 
subjected to a 2-week adaptation period. During this period 
each animal received distilled water and a liberal allowance 
of the control diet (diet 1) without the supplement of thia- 
mine, riboflavin and niacin. At the end of the 2-week adapta- 
tion period, the animals were distributed into experimental 
groups while taking into consideration the usual precautions 
to distribute litters, sexes and body weights uniformly through- 
out the various groups. Since the total number of test animals 
involved was considerable and could not be readily handled at 
one time owing to other phases of research in progress, the 
feeding tests were divided into 2 comparable series, and 
in consequence, only one-half of the animals comprising each 
experimental group was placed on experiment at one time. At 
the conclusion of the first series of tests, a second and similar 
series of feeding tests was conducted. 
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111 all of these tests the diet was fed ad libifum and clean 
distilled water was kept before the animals at all times. The 
thiamine, riboflavin and niacin supplements were fed in sup- 
plement cups independent of the test diet. Daily observations 
were made for the purpose of detecting early indications of 
thiamine and riboflavin deficiencies. A careful record was 
made of individual food cousumptiou and of changes in body 
weight. All animals remained on experiment for 8 weeks 
(exclusive of the 2-woek adaptation period) unless death in- 
tervened. 

DATA 

The data obtained in the 2 series of feeding tests have been 
gathered together and reduced to tabular and graphic form 
and are presented in tables 1 to 4 and in figures 1 and 2. 

DISCTTSSION' 

Response of rafs receiving flie control diet 

During the first 7 days of the 14-day adaptation period, the 
test animals consumed, on an average, 32 gm of the thiamine- 
riboflavin-niaein free diet (diet 1, table 3) and made favorable 
growth responses (average of 7.3 gm). However, the response 
during the last 7 days of the 14-day period was remarkably 
different. The overall average food consumption was only 18 
gm per animal and more than 80% of the rats either failed 
to gain in weight or lost weight. The average net weight 
change for the 450 test animals during the 7-day period was 
a loss in weight of 1.5 gm per rat. "V^niile cessation of growth 
at this time was apparently due to thiamine deficiency, no 
outward appearance of such a deficiency was evident other 
than loss of appetite and cessation of groAvth. At this time 
the test animals were distributed into the several experimental 
groups. 

Fig. 1 The averjige food eoiismiiption and tlie average growth resjioiisi' of 
those groups t)f rats which received the control diet (diet .1) and the tioiir- 
containing diets (diet 2 — whole wheat flour; diet 3 — iionenriched flour; and 
diet 4 — enrk'hed Hour), unsu]»plemente(l and siipjdeinented with riboflavin and 
niacin, with thiamine and niacin, and with thiamine, riboflavin and niacin. 
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Those animals which were continued on the basal diet and 
which received a supplement of riboflavin and niacin [gronp 1 
(a), fig. 1] made a very sligkt growth response during the 
first week of supplement feeding. However, the response 
was only temporary in that the animals constituting the 
group again declined in weight and all succumbed before the 
end of the sixth week of the test period. These results served 
to confirm our expectation that the basal diet was reasonably 
deficient in thiamine. When a similar group of animals re- 
ceived the thiamine-niacin supplement [group 1 (b)], a slow 
but consistent growth response resulted which continued 
throughout the first 6 weeks of the test period. This indicated 
that the basal diet either contained measurable amounts of 
riboflavin or that the body stores of riboflavin had not been 
completely eliminated during the 2-week adaptation period. 
Since the test animals did not continue to grow during the 
last 2 weeks of the test period, the authors are inclined to 
believe that the prolonged growth was due to the latter 
condition. 

The group of rats which remained on the unsuppleniented 
control diet [group 1 (c)] continued to lose weight, and all 
were dead by the end of the seventh week of the test period. 
However, since the animals comprising this group lived some- 
what longer, on an average, than did a comparable group of 
animals subsisting on the same diet but receiving the ribo- 
flavin-niacin supplement, it appears that the feeding of 
additional amounts of 1 or more vitamins may accentuate 
the deficiency symptoms arising from lack of another vitamin. 
Similar observations have been made frequently during the 
past several years in connection with other types of vitamin 
studies (OueiTant et ah, ’37). 

When the control diet was supplemented Avith thiamine, 
riboflavin aiid niacin [gronp 1 (d)], an immediate growth 
response resulted which continued throughout the teat period. 
The animals of this group gained an average of 86 gm diaring 
the 8-week period and appeared to be in a reason alfly good 
state of nutrition at the completion of the feeding test. Since 
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Westerman and Bayfield (’45) had found that flour enriched 
in accordance with the present formula, when fed at the 50 %> 
level, did not produce optimal growth in young rats, the 
question remained as to whether the suboptimal growth 
was due to further deficiencies of thiamine and riboflavin or to 
other characteristics of the experimental diet. In consequence, 
the second group of young rats (only 6 animals) receiving the 
control diet was given a double allowance of the thiamine- 
riboflavin-niacin supplement. While these animals [group 1 
(2d)] made increased growth responses (15 gm per week) 
as the result of receiving the additional allowance of vitamins, 
they did not attain the growth rate of young rats subsisting on 
our breeding colony diet (group 1) during the same period 
(19.3 gm per week). Whether further supplementing of the 
diet wdth thiamine and riboflavin would have brought about 
additional improvements in the growth rate cannot be stated 
inasmuch as additional tests were not made. However, the 
data obtained are sufficient to show that the primary de- 
ficiencies in the control diet used in the present studies, insofar 
as limiting growth in young rats, were those of thiamine and 
riboflavin. 

ResponsBs obtained with the floiir-contahiing diets 
( diets 2, 3 and 4 of table 3) 

When 30% of freshly ground wheat was incorporated in 
the control diet in place of a similar weight of sucrose (diet 
2), definite improvement in the growth rate resulted [diet 
2 (e), fig. 1]. All animals comprising the experimental group 
responded immediately to the change in diet and grew con- 
tinually during the 8-week test period. While the growth rate 
was not optimal (average of 6.4 gm per week) the results 
demonstrated that the ground wheat used in these studies, 
when incorporated in the ration at the 30% level, furnished 
sufficient thiamine and riboflavin to sustain life and to support 
a slow but consistent rate of growth. When this latter diet 
was supplemented wfith riboflavin and niacin [group 2 (a)] 
good growth resulted (129 gm in 8 wmeks) and the animals 
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appeared to be in excellent condition at t].ie end of the test 
period. Altliougli the thiamitie-niaeiu supplement proved less 
effective in promoting growtli in young rats [group 2 (b)] 
subsisting on this diet than did the riboflavin-niacin supple- 
ment, the animals did respond to the former supplement and 
grew at an average rate of 9.0 gm per week in comparison 
with 6.4 gm gains made by comparable animals receiving the 
unsnpplemented diet. This would suggest that 30% of ground 
whole wheat, when used to replace an eciual weight of 
sucrose from the control diet, did not furnish adequate thia- 
mine for optimal growth and that additional growth could 
be brought about by feeding a thiamine supplement. How- 
evex', when the whole wheat fioux' diet was supplemented with 
thiamine, riboflavin and niacin [group 2 (d)] no greater in- 
creases in body Aveight Avere obtained than those observed 
without the thiamme supplement. Under the conditions of 
these experiments the feedhig of the thiamine-riboflaAdn- 
niaein supplements did result in a slightly improAmd groAvth 
rate during the first 5 weeks of the test period, bxxt this advan- 
tage disappeared during the next feAv Aveeks. While this latter 
obseiwation remains unexplaixied, the data obtained in this 
phase of the investigation eonfiimx previous repoi-ted ob- 
servations that riboflavin deficiency is of pinixiary considera- 
tion Avhere Avhole Avheat and Avheat products are concerned. 

O-roAvth studies AAuth diets containing 30% of nonenidched 
flour, unsupplemented and supplemented Avith riboflavin and 
niacin, Avith thiamine axid niacin, axxd AAuth thiamine, riboflavin 
and niacin [groups 3 (a, b, c and d)] yielded results AAdxich 
proved to be remarkably similar to those obtained under com- 
parable conditions Avhile xxsing the control diet. HoAvever, 
there was evidence that the diet carried someAvhat more thia- 
mine and definitely more riboflavin as the result of including 
the 30% of nonenriched flour. Here again the rats recemng 
the riboflaA'in supplement, in the absence of thiamine, died 
at an earlier date than did comparable animals Avhich did not 
receive the riboflavin. 
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When 30% of enriched flour replaced an equal weight of 
sucrose from the control diet, satisfactory growth responses 
were obtained both with and without additional vitamin sup- 
plements [groups 4 (a, b, c and d)]. In fact more favorable 
groAvth was obtained in all 4 instances than ivas obtained 
under comparable conditions of experimentation in whicli 
the diet contained of gi'ound whole wheat. Here again 
the thiamine supplement pi’oved less effective in promoting 
additional growth than did riboflavin. In regard to the data 
presented in figure 1, it is of interest to note the consistent 
relationship between food intake and growth. 

Responses ahtuined ivitJi hread-containing diets 

Glrowth studies with diets containing the breads in amounts 
equivalent to 30% ground wheat or 30% of the flours from 
which the breads were made (diets 5, 6, 7, 8 and 9, table 3 and 
fig. 2) yielded data which were remarkably similar to those 
obtained with the previously described flour-containing diets 
(fig. 1). In most instances, growth was slightly greater on 
the bread diets than on the corresponding flour-containing 
diets. Mortality was also lower among the thiamine-deficient 
bread-fed animals. These apparent differences in nutritive 
value of the flour and of the bread-containing diets may, per- 
haps, be attributed to 2 possible factors, namely, to the more 
readily accepted bread diets and to the probable addition of 
vitamins or other growth stimulating nutrients in connection 
with the making of the breads. In regard to' the former pos- 
sibility, it can be definitely stated that in 9 of the 12 eom- 
]iarisons, the bread-fed animals consumed on an average 
more of the diet than did the flour-fed animals, while in 2 
comparisons the amount of diets consumed by the 2 groups 
of animals was the same, and in one comparison the bread-fed 
rats consumed sliglitly less food than did the flour-fed animals. 
As to the latter possibility, it is recogmizecl that traces of 
thiamine and riboflavin may have been added to the bread- 
containing diets by incorporating small amounts of yeast food, 
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malt syrup and live yeast culture in tbe bread mix (table 1). 
However, periodic analyses of breads and diets (tables 3 and 
4.) failed to show that the breads contained any more thiamine 
or riboflavin than did the flours from which they Avere made. 
Ill fact the analytical data indicate that the breads had sus- 
tained a slight loss in these vitamins apparently as the result 
of baking, drying and other preparatory measures preliminary 
to feeding. 

Studies with the whole wheat bread diet [groups 5 (a, b, c 
and d)] reveal that sufficient thiamine was present to sup- 
port satisfactory growth and that only a slight improvement 
in groAvth resulted when additional thiamine urns fed. On the 
other hand, when the diet was supplemented with riboflavin, 
with and without additional thiamine, an increased rate of 
growth resulted, just as it had with the corresponding flour- 
containing diet. Although the animals which received a diet 
containing the bread made from the nonenriehed flour [group.s 
6 (a, b, c and d)] grew at a slightly faster rate than did those 
animals receiving the flour diet, the responses obtained 
through feeding of the 2 diets, imsupiilemented and supple- 
mented, wore remarkably similar. 

The groups of rats receiving the diet containing the bread 
made, from the enriched flour, without and with vitamin 
supplementation [groups 7 (a, b, c and d)], grew at approxi- 
mately the same rate as did the animals I’cceiA'ing the cor- 
responding flour diet. Hero again the data clearly shoAv that 
the amount of riboflavin added through enrichment was not 
adequate for optimal growth when the enriched flour or the 
bread made thereform was incorporated in the diet at the 
30% level, although the amount of this Autamin present in the 
enriched flonr was someAvhat greater than that found in the 
Avhole AAdieat or the A\diole Avhoat bread. 

Fig. 2 The average food consumption and the average growth response of 
groups of rats which received the bread-containing diets (diet .'i — whole wheat 
bread; diet 8 — nonenriehed bread: diet 7— -enriched bread; diet 8 — dark bread; 
and diet 9 luilk bread), unsupjdeinented and supplemented with riboflavin and 
niacin, with thiamine and niacin, and with thiamine, rihollavin jind niacin. 
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Studies with diets coiitaiiiiu<>' the dark bread (30% ground 
whole wheat and 70% of nouenriched flour) show that while 
the incorporation of a relatively small amount of finely ground 
whole wheat in the bread did result iu improved growth and 
survival, the diet containing this bread was definitely de- 
fieieiit iu both thiamine and riboflavin [groups 8 (a, b, c and 
d)]. Tlio incorporation of 6%’ of skim milk powder in a bread 
made of the nouenriched flour resulted in the product having 
increased growth-stimulating and life-sustaining capacity 
[group 9 (c) vs. group 6 (c)], but it was inferior to enriched 
white bi'ead iu t])ese respects [group 7 (c)]. Prom the stand- 
])oint of vitamin supplementation, it appears that the milk 
jTOwder did add an a])pi‘eciable amount of riboflavin but very 
little thiamine. This is borne out by the fact that additional 
riboflavin supplementation, without additional thiamine, did 
not improve the growth rate [group 9 (a)], and that thiamin e 
supplementation in the presence of existing riboflavin re- 
sulted in a marked improvement in gi'owlh [group 9 (b)]. 
When this diet was su])])lemenled l)y tluamine, riboflavin and 
niacin [group 9 (d)], (‘xcellcnl gi'owfh resulted. 'WJiile these 
results do suppoit. e.xisting contentions that the addition of 
skim milk 07- skim milk solids, in the niaking of uiienriched 
white bread, enhances the nutritive value of the bread, the 
inclusion of 6% of skim milk solids, in this instance, did not 
add sufficient thiamine or riboflavin to make' the bread e«iui\'- 
alent with respect to these vitamins to the l)read made 
from ground Avhole wheat or from enriclu'd tloui'. Here again 
the close relationsbi]) lietween food consumption and growth 
is readily observed (fig. 2). 

Periodic thiamine, riboflavin and niacin assays made dur- 
ing the course of the studies indicated that the thiamine, ribo- 
flavin and niacin content of wheat, flours, breads and diets 
remained constant. Although the experimental conditions 
were somewhat dissimilar, the results obtained in these studies 
substantiate in ])ai't those recently reported by Westerman 
and Hall (’47) in which it was sliowu that furthei- supple- 
mentation of enriched flour with B-complex vitamins improved 
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tlie imtritive value of the product. In the present studies this 
was found to be true of rihofiaviii supplementation. Further- 
more, riboflavin supplementation of the whole wheat tliot.s 
was more etfective in stimulating additional growtli in young 
rats than when this vitamin was employed as a supplement 
to the enriched flour diet. 

While the present investigation has been concerned pri- 
marily with the relative thiamine and riboflavin content of 
whole wheat, nonenriehed flour and enriched flour, the au- 
thors are aware that whole wheat may contain desirable nu- 
trients othei’ than thiamine and riboflavin in greater amounts 
than are present in either the nonenriehed flour or the en- 
riched flour. 

SUMMARY 

A study was made of the relative thiamine and riboflavin 
content of whole wheat, nonenriehed and enriched flour of 
common origin and of breads made therefrom. Four hundred 
and fifty young rats constituting 38 experimental groups were 
used in the study. All animals were subjected to a 2-week 
adaptation period before being placed on experiment. The 
feeding period was of 8 weeks duration unless death of ex- 
perimental subject intervened. Tlie results, as a whole, slioiv 
that floui', enriched in accordance with the present formula, 
is definitely superior to nonenriehed flour with respect to 
Ihiamine and riboflavin, and is somewhat superior to whole 
wheat with respect to these vitamins. While the amount of 
thiamine contributed by ground whole wheat and by enriclied 
flour, when the flours composed 30% of the diet, is only 
slightly less than that required for optimal growth in young 
rats, the amount of riboflavin contributed is definitelv insuf- 
ficieiit. HoAvever, the enriehM flour was found to contain more 
rihoflavin than the original wheat. Breads made from ground 
wheat and from enriched flour shoiv good retention of thia- 
mine and riboflavin as indicated by growth tests and by vit- 
amin assays. Dark bread and milk bread, as iireparcd and 
used in these studies, were found to be definitely inferior to 
breads made from ground whole wheat or from eni-iched flour 
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as sources of tliiamiiio, and somewliat less inferior as sources 
of rihoflavin. 
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Investigations of amino acid requirements of cliicks con- 
ducted by the author and others in the Division of Poultry 
Husbandry of the University of California over a period of 
several years, have given rise to a mass of data of a ^'ory 
homogenous nature. Most of the data available have met or 
approached closely to the following specifications: (a) uni- 
formity in breed and strain of chicks used, (b) pre-test reai-ing 
period of 10 to 14 days with an excellent practical diet, (c) 
experimental period of 10 days, (d) protein or equivalent 
amino acid levels at 20% or more of the diet, (e) diets sub- 
stantially complete except for the amino acid under investi- 
gation. 

The objective of this review was, in part, to establish amino 
acid intake levels to be recommended by the sub-committee on 
Poultry Nutrition of the National Research Conncil. During- 
the course of the analysis of these data there have come to 
light several relationships of quite fundamental interest. 

Two principal variables will be considered throughout this 
discussion, namely, (a) the percentage of the amino acid in 
the diet, as determined by additions of the crystalline amino 

* Presented at the eleventh Annual Meeting, Aiuerican Institute of Nutrition, 
Chicago, 1947. 
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acid or by the content of the amino add in the protein com- 
ponent, and (b) the percentage daily change in body weight 
of the chicks, which will be referred to simply as rate of g-ain. 
Gran (’47a) has studied such factors as forced feeding’, body 
eomposition, ad libitum feeding and body weight changes of 
chicks. He has come to the conclusion tliat chaiige in body 
weight on an ad libituin feeding program is the most satis- 
factory criterion of dietary adecpiacy in amino acid studies 
with chicks. Similarly, Hegsted and Worcester (’47) have 
found with rats that proteins are classified relative to each 
otlier with high accuracy by gain in weight alone. 

Where it has been shown that D — or HL — forms of the 
amino acid are efficiently utilized, these forms have been con- 
sidered equivalent to the L — form. All protein conteiit data 
are based on percentage N X f>-25. The manner of evaluating 
data is illustrated for certain amino acids in tables. Curves 
relating amino acid content in the diet to rate of gain are 
presented in figure 1. In the construction of these curves 
individual points have been given due weight on the basis of 
numbers of chicks used in the experiment. Data have not been 
used for one amino acid when it is apparent that another 
amino acid deficiency is also exerting an effect in the same 
1 egion of growth rate. Because of limitations of space, not 
all of the figures and tallies originally prejiared can be pre- 
sented here. A sufficient number of each are given to illustrate 
tli(‘ findings in this study. 


Arginine 

The data for arginine given in iable 1 and ploth'd in figure 1 
lull substantially on a sti'aight line over the range of 0.17tt 
to 1.2% arginine, in diets containing whole proleins. It for- 
merly appeared that this requirement was a])proximately 1%- 
of the diet (Tvlose et ah, ’38), However, the upjier arginine 
curve ol figure 1 in the region of maximal rate of gain, winch 
IS at least 7%, indicates that the optimal arginim* content of 
the diet may bo nearer to 1.2%. The question has been raised 
of the degree of availability of arginine in casein (see Kloso 




TABLE 1 


delation of arginine in the diet to rate 


-AMIKO AOID 

SOURCES m DIET 

PROTEIN 
SVPl'LIED 
TO 3>IET 

L-arginine 
IN PROTEIN 

L-arginine 

SUPPniBD TO 
DIET 

TOTAE 

L-akginine 

IN DIET 


% 



Vo 

^drolysed arginine- 





h*ee casein 

18 

0,0 

0.0 


lished rice 

3,4 

7.2 

0.17 

0.17 

Stine, tryptophane 





lOve pins arginine 



0.83 

1.00 

'droijsed casein 

IS 

,3.7 

0.07 


lished rice 

2.4 

7.3 

0.17 

0.84 

Stine, tryptophane 





iole casein 

IS 

3. i 

0.07 


ILshed rice 

3.4 

7.2 

0.17 

0.84 

Stine 





ore idus arginine 



0,41 

1.25 

lole casein 

37 

3. i 

1.00 


lislicd rice 

3.4 

7.2 

0.17 

1.17 

Btinc 





iove plus 



0.41 

I ..^s 

sein 

30 

3.7 

0.74 

0.74 

»ove pins argjjjjjx* 



0.17 

0.91 




0.34 

1.08 




0.51 

1.25 




0.75 

1.49 

r)ino acid niixtiire 

30 

0.0 

0.0 

0.0 

lOve phis arginiiu' 



0.3 

0.3 




0.4 

0.4 




0.6 

0.6 




o.s 

0.8 




1,0 

1.0 




1.3 

1,3 




1.4 

1.4 




1.6 

1,6 




1.8 

1.8 




2.0 

2.0 




2.3 

.> o 


sein IS 3.7 0.67 

ast 2 4.0 0.08 0.75 

cystine 


jr!)eaii meal 20 7,1 1.42 1.42 

stine, metliioiiiue 

rii gluten meal 20 4.4 0.88 O.SS 

sine, tryptophane 
Stine, glycine 

7.0 


ill meal 


20 


1.40 > 


1.40 
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et al., ’38), and if it slionld be proven that tliis availability 
is not complete, the optimal arginine requirement will be 
somewhat lower than indicated in this report. The lower 
argmine curve based upon data from amino acids or diets 
with hydrolysed-protein readies a maximal gain at approxi- 
mately the same percentage of arginine in the diet. Both 
arginine curves extend to the vicinity of a — 3% rate at com- 
plete deficiency ; this is consistent with similar curves for the 
other indisiiensable amino acids. 


Mcthionmo 

It is well-known that the methionine requirement cannot bo 
considered Avithout giving attention to the cystine intake, since 
the latter is not only synthesized at the expense of the former, 
but also has a \mlual)le ‘ ‘ sparing action ’ ’ on methionine. 

The available data for methionine have been classified in 
2 Avays, namely, (a) witli more than the maximal cystine re- 
quirement present, and (b) Avith sulistantiany no cy.stine pres- 
c‘ut (table 2). The eorresiionding cuiwes are also gi\'en in 
figure 1. TlieK'urA’os are pi-actieally straight lines up to the 
region of optimal gain. Both methionine curves extrapolate 
into the zone of negative gains to an intercejit close to — , 

In the presence of an adequate cystine level in the diet the 
methionine requirement for optimal gain is close to 0.5%; 
Avhile the requirement in the relative absem'e of cystine is 
close to 0.t)(,v, of the diet. These estimates i-emain in agrecmient 
Avith previously suggested requirements {AlnKjuist, ’d.")). 


The data on lysine are remarkably consistent. The curve 
(tig. 1) attains an upper limit for groAvth at (dose to 0.9'/i 
lysine in tJie diet (Ahnquist and Mecehi, ’42). All of the data 
are from diets based uiion Avhole proteins, Imt these are of 
a eoiisidci'able Auiriety, as Avill be seen from table 3. The linear 
portion of the cuiwe (fig. 1) extrapolated to zero lysiiu' AA'ould 
reach the vicinitv of — ^3tt . 
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Traces of cystine in tlie diets have been added to the nietliionine. 
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Tryptophane 

Tlie tryptopliaiie data (table 4) are liasod upon diets with 
hole proteins, hydrolysed proteins and amino acids. The 
irve for whole proteins (tig‘. 1) extends from an oiitimal gain 
; 0.25% l-tr.iT^itophane (Ahnquist, ’45) down toward the 
line limiting value common to the other amino acids. The 
ita from amino acid or hydrolysed-protein diets form a 
spa rate curve at the higher region of gain, which, however, 
j,'rees with the other curve as to the point at which further 
Iditions of tryp)tophane do ]iot cause further increases in 
•owth rate. 

Leucine 

The leucine curve at 0% leucine is definitely located by 
iperimentally determined rates of ^ — 2.7 to — 3.0% (fig. 1) 
A.hnquist and Grau, ’44b), At the upper end the curve is 
icated only ))y the niiniinum contents of leucine known to 
? present in several Avhole protein sources Avhich, with neces- 
iry supplements, have been shown to support good gains, 
mice, the leucine requirement for o])tinial gain does not ex- 
‘od 1.4% of the diet. The data from amino acid diets (Grau 
id Peterson, ’4(1), although loiver in magnitude of growth, 
ass through the same maximum region at 1.4% leucine. 

Phenylalanine. 

Like methionine, phenylalanine may be spared by another 
uino acid, in this case tyrosine. The data (Ahnquist and 
ran, ’44b; Grau, ’47a) have been separated on the basis of 
lequate tyrosine or no tyrosine present in the basal diets, 
his procedure establishes 2 cuiwes. The first, for adequate 
■rosine present, goes through a maximum at close to 0.9%; 
Idle the second curve, for no tyrosine present, attains a 
uxinmm at approximately 1.6% of the diet. The ends of both 
: these curves at 0% phenylalanine reach a deteimined 
roAvth rate near — 3% . 

A probable curve for ivliole protein diets has been indicated 
Iso. The loAver end of this curve .should obviously be near 
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— '3%. The upper end is fixed, hy the virtue of growth rates 
attained vfith whole proteins of comparatively low phenyl- 
alanine content, at not more than 0.9%. 

Threonine 

Data on threonine requirement are few ( Almquist and Grau, 
’44b; Grau, ’47b). At 0% threonine the curve is definitely 
anchored in the region of — 2 to — 3%. The points are, for 
the most part, based upon very small groups of chicks. How- 
ever, the general characteristics of the curves resemble those 
obtained with other indispensable amino acids. A similar 
linear relation has, therefore, been assumed. The optimal 
threonine content in amino acids diets is apparently close to 
0.6%. Certain proteins of comparatively low reported threo- 
nine content were found capable of supporting’ optimal chick 
growth when providing a dietary threonine level of no more 
than 0.6%. Hence it seems probable that the estimated re- 
quirement is correct in both kinds of diets. 

Valine 

The amino acids diets (Grau and Peterson, ’46) attain a 
maximal gro-wth-promoting value , at approximately 0.8% 
valine. Whole proteins of comparatively 'low valine content 
will support optimal gains when furnishing not more than 
0.8% valine to the diet. Hence the 0.8% value may he pro- 
visionally accepted as the requirement. The lower ends of the 
curves are experimentally located close to — 3% (Almquist 
and Grau, ’44b; Grau and Peterson, ’46). 


Isoleuchie 

The above story is repeated in the ease of isoleucine, with 
the exception that the curve for amino acids diets seems to be 
displaced slightly toward the left. It is probable, how-ever, 
that the natural leucine used in the basal diets for this work 
(Grau and Peterson, ’46) may have contained small amounts 
of isoleucine ; as little as 5% would have caused the displace- 
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ment noted. It is suggested, provisionally, that tlie isoleucine 
requirement is close to 0,6% of the diet. 

Illstidiuf 

The data for histidine are so scarce that no curves could be 
constructed. On a histidine-free amino acid diet a few chicks 
lost weight at approximately — '2%. A supi3lement of 0.15% 
L-histidine may not have been entirely adequate for maximal 
growth on this diet (Almquist and Glrau, ’44b). The upper 
limit of histidine requirement is fixed at not more than 0.30% 
of the diet. This figure is based on the reported analyses of 
sources of proteins which have been shown to support optimal 
growth. 


The significance of negative gains 

Although protein synthesis in the organism is completely 
prevented by the lack of an indispensable unit, the processes 
of protein degradation are not simultaneously stopped. 
Whether the animal will exhibit loss or gain of protein will 
depend upon the balance between protein synthesis and pro- 
tein destruction, both of Avhieh are proceeding rapidly, ac- 
cording to modern theory. It is evident from the fig'ures that 
the complete absence of a truly indispensable amino acid from 
the diet of the chick results in a loss of weight at a rate in the 
zone of — 2 to — -3%'. With sufficiently accurate data on all 
the amino acids in question, it is probable that this zone would 
have been narrowed toward some value closer to — 3. In a 
few cases where the limiting value is not available from direct 
experiment, it has been assumed to equal — 3% for the pur- 
poses of constructing the curves. This assumption is ade- 
quatety justified from the nature of the data. 

The magnitude of the loss of weight is, of course, deter- 
mined by many factors, such as age and condition of the 
animal, duration of the deficiency and general experimental 
procedure, all of which have been comparable in the body of 
data reviewed. There is nothing fundamental about the pre- 
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else numerical value of the limiting’ negative rate, but its evi- 
dent constancy under the experimental conditions can only be 
regarded as of real fundamental significance. 

It is obvious that a complete deficiency of any one in- 
dispensable amino acid will prevent any protein synthesis 
in the animal Just as absolutely as a complete deficiency of 
protein in the diet. As a matter of fact, a protein-free diet 
causes approximately the same rate of weight loss (Gran, 
’47a). Hence, all these various deficiencies must approach a 
common limit in effect as the degree of interference wfitb pro- 
tein synthesis approaches completeness. 

In experiments on an entirely different problem (Berg and 
Eohse, ’47) young rats fed gelatin, casein, hydrolysed casein 
and protein-free diets showed equivalent rates of loss in 
weight when subjected to a complete deficiency of an indis- 
pensable amino acid, or of protein. Bate of growth of rats on a 
tryptophane-supplemented acid-hydrolysed casein diet was 
distinctly lower than that on a whole casein diet. These results 
with rats agree with the general features of the chick results 
reviewed in the present paper. 

It is evident that the point from which to measure growth 
(as affected by protein synthesis) is not the usually accepted 
point of zero growth, but some value akin to the — 3% limit 
of the present data. Any rate significantly more positive than 
the negative limiting value, even though still negative in sign, 
is evidence that some protein sjmthesis is taking place. If 
such rate is obtained wdth a complete deficiency of a certain 
amino acid, then that amino acid is also being synthesized. 

Amino acid requirements as determined hij whole 
proteins and hy amino acid mixture diets 

It is noteworthy that in substantially every example in 
which the maximal gmowth effect from a particular amino 
acid has been ascertained with whole-protein diets, as com- 
pared to amino acid or hydrolysed-protein diets, the require- 
ment values appear to be in close agreement. 
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Notwitiistanding the fact that the best gains obtained with 
either hydrolysed proteins or amino acid mixtures are less 
than the optimal gains to be obtained with whole proteins, it 
is evident that, in either case, the same relative proportions 
of amino acids to each other and to the whole diet must be 
established to secure the maximal gain possible on the par- 
ticular diet. It is further indicated that quantitative amino 
acid requirement values should be equally valid whetlier 
established with amino acid mixtures or with whole proteins. 

It appears from the linear nature of the curves and the 
agreement of the whole proteins and amino acids diets maxima 
that the requirement of any indispensable amino acid for any 
rate of growth has a fixed proportion to the others in the 
diet. This is compatible with the general concept that protein 
synthesized by an animal is always the same characteristic 
set of proteins, hence requires the same proportions of mate- 
rials to be used in the synthesis. The above findings extend 
this concept to include any rate of synthesis. 

These observations further imply that the proportions of 
the amino acids reaching the synthetic regions in the animal 
are determined by the proportions in the diet, if not identical 
with them, since these proportions are the same whether the 
amino acids come from a variety of whole proteins or are 
present in the uncombined state, as in amino acids or hydro- 
lysed proteins. 

Growth rate differences observed tvith complete 
amino acid m.ixtnres and supplemented 
hydrolysed- proteins as compared 
to whole proteins 

These differences are a reflection of several possible causes, 
operating singly or in combination. 

a. Decreased appetite and feed consumption. Possibly, the 
more rapid absorption of free amino acids induces a quicker 
physiological reaction to curtail appetite. This is only a 
small effect when the amino acid supply is complete, since 
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tliea the feed intake is controlled largely hy caloric require- 
ments. The marked and almost immediate reduction of feed 
consumption during a severe amino acid deficiency is perhaps 
only an extreme stage of the same effect. In such case, the 
animal cannot as readily dispose of absorbed amino acids hy 
combining them into protein, and is even more quickly sati- 
ated. But when the lacking indispensable amino acid is re- 
stored to the diet,^ even though such addition could hardly 
affect the sensory acceptability of the diet, the increase in the 
appetite of the animal is very evident. 

TABLE 5 

The effect of periodical access to feed on the groictJi of chicles fed diets containmg 
whole protein as compared to the hydrolysed protein. (20% protein in all 
diets. No other sources of protein in diets.) 


gOIIEOB OP 
PROTEIN 

ACCESS 

TO PEED 

PEED EATEN 
PER DAY 

PER CHICK 

AVERAGE 
WEIGHT GAIN 
PER DAY 

GAIN-PEED 

RATIO 

Fisli protein 

ad libitum 

gm 

22.9 

% 

4.0 

.40 

Pish protein | 

2 hrs. A.M. 

2 hrs. P.M. 

21.4 

4.0 

.42 

Hydrolysed 

fish protein 

ad libitum 

* 20.9 

3.5 

.34 

Hydrolysed ) 
iish protein S 

2 hrs. A.ir. 

2 hrs. P.M. 

16.0 

2.4 

.26 


In an attempt to demonstrate the effect of appetite curtail- 
ment by amino acid mixtures in the diet, an experiment was 
conducted Avith chicks fed a diet containing fish protein or a 
hydrolysate of this protein as the exclusive source of amino 
acids in the diets. Preliminary observations indicated that 
an appetite-curtailing effect of hydrolysed protein might be 
to some extent counteracted by a tendency of the chicken to 
eat more frequently, if less at any one time. Consequently, 
groups allowed only periodical access to feed were added to 
the program. The results are given in table 5. 

These results show that the chicks having* periodical access 
to the whole-protein diet were able to consume almost as much 
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feed and to grow as well as tlie ad libitum fed group. The 
ad libitwm group on the hydrolysed-protein diet was able to 
consume only slightly less feed than the above-mentioned 
groups, but grew less efficiently on the diet — this is the usual 
result in such comparisons (Klose et ah, ’38; Stohstad, ’40) 
and is probably a demonstration of causes listed below. How- 
ever, the periodical-access group fed hydrolysed protein 
would not ingest sufficient feed to enable this group to keep 
pace with the others. This difference is most probably a 
demonstration of a rapidly effective appetite-curtailing action 
of the hydrolysed protein. Very similar results were obtained 
in the same experiment performed with young rats. 

b. Increased metabolic destruction of the wore rapidly ab- 
sorbed free amino acids. These may enter the blood stream 
faster than they can be diverted into protein synthesis, and 
the surplus undergoes a relatively greater degree of catabo- 
lism than would be the case with amino acids whose release 
depends upon slow enzymatic digestion of protein. 

c. Increased loss of the rapidly absorbed free amino acids 
in the urine. 

d. Increased^ destruction of amino acids by intestinal 
bacteria. 

e. The release during the digestion of whole proteins of 
some simple peptides which may be used directly by the ani- 
mal in the synthesis of its own characteristic j^roteins, thus, 
perhaps, promoting faster protein synthesis than would be 
the ease following ingestion of free amino acids. 

f. The presence of a “growth factor” in whole animal pro- 
teins, and its absence from amino acid mixUircs or completely 
hydrolysed proteins (Wooley, ’45). In regard to the applica- 
tion of such a “factor” to the results of the present study it 
can only be said that the animals showed continuous, linear 
growth curves over the time intervals employed, and at no 
time any indications of increasing depletion in any growth 
factor. Furthermore, it was found that the decrease in growth- 
promoting value of a protein upon hydrolysis (corrected for 
any amino acid losses) was related most directly to the degree 



AMINO ACIDS REQUIREMENTS 


561 


of hydrolysis, and there was no extra value to be found from 
leaving' a few per cent of Avhole protein in the diet (animal 
protein factor). There are numerous examples in which the 
animals showed optimal gains without animal proteins in the 
diet. 


Amino acid recpiiremenfs to support any rate of 
growth below the optimal 

These may presumably be taken by a horizontal projection 
across the curves. Thus, for example, the theoretical “mainte- 
nance” requirements of the young chick fed a diet containing 
whole iiroteins only Avonld be obtained as the intersection of 
the zero gain level with each of the appropriate curves. In 
each case the “maintenance” requirement is approximately 
30% of the optimal requirement, for the chicks employed in 
the studies reAuewed. This has been experimentally confirmed 
by feeding diets so low in protein that only the maintenance 
requirement of several indispensable amino acids was pro- 
Auded. 

The eurA’’es for the amino acids requirements could be ex- 
pressed empirically as folloAvs: 

K = Ki p — K, 

Wliero E == rate of eliang'e in luidy -weight 

Kj = rate eoiistaiit for eluuige in body weight due to protein synthesis = 
apj^roximately 10 

P =: fraction of the optimal level of the amino acid in the diet, 

Kj == rate constant for change in body weight due to protein degradation 
= approximately — • 3. 

It is evident that meeting only half the requii'ement for a 
particular indispensable amino acid Avill not permit half the 
optimal rate of groAvth, but only 2/7 of this optimal rate. 

SUMMARY 

1. The level of an indispensable amino acid in the diet hoars 
a linear relation to the rate of growth of the chick, from rapid 
loss of wmight at complete deficiency to maximal growth at 
complete adequacy of the amino acid. 
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2. All the curves converge toward a common negative rate 
of gain at complete deficiencies of any indispensable amino 
acids, since protein synthesis must stop in all such cases. 

3. Net gain of the chick depends upon the balance between 
protein synthesis and protein catabolism, over the entire 
range of the curves. 

4. While chicks grow better on diets in which the amino 
acids are supplied chiefly in whole proteins, as compared to 
diets compounded with amino acids or hydrolysed proteins, 
the maximal recjuirements determined witli these 2 kinds of 
diets are in good agreement. This is compatible with the con- 
cept that on either kind of diet the chick must synthesize the 
same body proteins, hence requires the same proportions of 
amino acids for this purpose. 

5. These proportions of indispensalile amino acids to each 
other remain the same for any sub-optimal rate of growth, 
even in the negative zone of growth. 

6. Eeasons for the differences in the growth supported by 
whole proteins as compared to hydrolysed proteins and amino 
acids are discussed. 
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Recently we showed {Halverson and Hart, ’47) that caro- 
tene oonld be completely preserved in dehydrated alfalfa and 
cex’eal grasses if the material had a water content of 12-15% 
and was sealed in aii’-tight receptacles. The phenomenon of 
preservation involves primarily the ntilizatioii of the oxygen 
with production of carbon dioxide — an atmosphere in -which 
carotene is stable. Respiratory enzymes in the dehydrated 
material are accelerated in action by raising the water content 
above that usually contained in dehydrated vegetable mate- 
rials. If the water content of the material is less than 12%, 
say 10% or less, then the rate of oxygen utilization and carbon 
dioxide production is redxiced with a variable and not always 
predictable carotene loss. 

To test the application of this method of carotene preserva- 
tion to dehydrated vegetables we used carrots, .spinach (leaf) 
and broccoli. These materials were purchased fresh, dried at 
50°C. and then ground to a fine powder. After drying and 
grinding the water content was as follows: carrots 10.25%, 
broccoli 8.00%, and spinach 4.5%. The materials were then 
placed in pint size cardboard boxes with or without water 

^ Published with the axiproval of the Director of the Wiseoiisiu Agricultural 
Experiment Station. 
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adjustment to liiglier levels and with or without flexo-wax 
sealing. The sealing was done to prevent loss of carbon 
dioxide and access of oxygen — a condition absolutely neces- 
sary for carotene preservation, and one which wm have found 
effective in the case of dehydrated alfalfa or cereal grasses. 
Any receptacle that is air-tight such as glass, metal, cello- 
phane, fabricated j)aper or cardboard dipped in a non-ci‘ack- 
ing.wax should prove effective. 

After preparing the materials they wmre stored at room 
temperatures of 22-25 °C. for 3 mouths. At the end of that 
time carotene determinations were made. The chromato- 
graphic method of Wilkes (’46) was used. The results are 
given in table 1. 

The original carotene content of the dehydrated mateiials 
on a water-free basis in Mg' per gm was as follows: carrots 
510, broccoli 74.4 and spinach 266. 

As expected from our experiments with dehydrated alfalfa 
and cereal grasses, the carotene loss in 3 months was high in 
the carrots and broccoli without sealing but not so high in 
the ease of spinach under the same conditions of storage and 
with the low water content of 4.5%. Under sealed conditions 
the carotene loss in all the materials decreased in general with 
increa'se in water content. With 12.5% of water the losses in 
all the materials were negligible. 

It is apparent from the data that in these dehydrated prod- 
ucts the carotene loss can be greatly reduced with sealed 
conditions and a total Avater content of 10-12.5%. 

In table 1 are also brought together observations on the 
color, taste, and internal gas pressure as it may have devel- 
oped. With dehydrated alfalfa and cereal grasses sealed, and 
with the water content up to 20% no intenial gas pressure, 
involving bulging of the carton storage receptacles, has been 
observed. This same situation was observed with spinach, but 
in the ease of carrots and broccoli some internal gas pressure 
developed particularly at the higher water levels. Also dai'k- 
ening of the product, especially in the ease of carrots, wms 
observed. To reduce the possibility of gas pressure, as in the 
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ease of carrots and broccoli with water levels of 12.5%, the 
water level could be held at 8-10%. Under such conditions 
complete carotene preservation may not be obtained, but the 
loss of carotene under sealed conditions would be greatly 
reduced. Apparezitly the application of the principle of a 
proper water content with sealed storage can be made use of 
for carotene preservation in dehydrated fresh vegetable 
tissues. In the case of spinach a water content of 10% plus 
sealing reduces the carotene loss to practically zero. Whether 
this observation Avould be general for spinach is unknown. 
Usually with other dehydrated plant tissues such as alfalfa, 
rye, oats and carrots a moisture content of 10% or less does 
not give a maximum carotene retention observed with mois- 
ture levels of 12-15%. 

The color of the stored products deepened somewhat with 
increased water content. However, at 10-12% of total water 
the color was not greatly different from that of the original 
product. With 15% of total water the color of the carrots 
became a deep brown and in the other 2 joroduets an olive 
green. Broadly speaking, a water content of 10-12% and 
sealing will not only preserve well the carotene but also give 
a product resembling the original unsealed mateiial in color, 
taste and aroma. It is probable that the moisture levels re- 
quired for maximum carotene preservation will vary with 
the different vegetables and the method of dehydration 
employed. 

SUMMARY 

1. The carotene content of dehydrated spinach, broccoli and 
carrots was well preserved under storage at room temperature 
for 3 months by sealing in cardboard receptacles and adjust- 
ing the total water content to 10-12%. In the case of carrots 
and broccoli with the total water content of 12.5% some in- 
ternal gas pressure developed. With 8-10% of total water no 
internal gas pressure developed but the carotene loss was 
greater than at the higher water level. 
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2. Under sealed conditions of storage with a total water 
content of 8-10% the taste, aroma and color of the original 
product were w^ell retained. 

3. The principle of preservation involved is mainly the ac- 
celeration of the respiratory activity of enzymes present in 
the dried plant tissue with the result that the oxygen present 
is replaced with carbon dioxide. 
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INTEEEELATION BETWEEN a-TOCOPHEEOL 
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EAT-GEOWTH PEOTBIN-QUALITY TEST ' 
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ONE FIGURE 

(Received for piihlication July 15, 1947) 


In a previous paper (Hove, ’46) it was shown that d, 
a-tocoplierol reduced weight loss in adult rats maintained on 
a 5% crude-casein diet for extended periods of time. It 
was pointed out that this result was in apparent contradiction 
to the work of Dam ( ’44) in which was noted no influence of 
a-tocopherol on the body weight of rats maintained until death 
on a diet containing approximately 5% protein from yeast. 
It occurred to us that the 4-week, rat-growth method orig- 
inated by Osborne, Mendel and Ferry ( ’19) for determining 
]irotein quality might be useful in resolving* these divergent 
results. 

EXPEEIMENTAL 

Litter-mate pairs of male albino rats were placed on the 
test diets at weaning. One member of each pair received daily, 
Img of d, a-tocopherol in 2 drops (50 mg) of olive oil, while 
the other received only the olive oil. Body weight and food 
consumption records were made weekly for the second to fifth 

^ noiuiuinileatifui iio< 119 from the Laboratories of Distillation Products, Inc., 
Rochester, K. Y. 


571 



572 


B. L. HOVE AND P. L. HAEBIS 


week from weaning. The protein-efficiency ratios were o1)- 
tained by dividing the 4-week body-'weight gain by the total 
4-week protein intake. The composition of the weight gains 
was not determined. Therefore the effect of tocopherol to be 
described may have resulted from increased deposition of fat 
or other constituents, rather than increased protein utiliza- 
tion. However, the custom that has grown up around the use 
of this method will be followed and results will be expressed 
as protein efficiency rather than more correctly as food 
efficiency. 


TABLE 1 

Composition of itiots used. 


BASAti MIXTTJRK 

PROTEIN SOrrROra SUCROSE 

satjT mextuk.e, irsp xii, no. 2 ^ 

TjARD 

% 

86 

4 

10 


per gm. of diet 


Thiamine-HCl 

10 Mg 


Eiboflaviii 

lO/tg 


Pyridoxine-HCl 

lO^tg 


Calcium pantothenate 

25 Mg 

Vitamin 

Nieotziiie acM 

50 /ig 

supplements 

2-Methyl, 1-4 naphthoquinone 

SMg 


Choline chloride 

1,0 mg 


vlnositol 

0.1 mg 


Vitamin A 

50 units 


Vitamin D (Dolslerol) 

3 milts 


nVith added ZnGO,„ 0.1%; OuSOi-lHA 0.08%; and MnSO., 0.01%. 


Ad libitum feeding was allowed in most instances. Diets 
were weighed into a “Franke” earthenware cup. This cup 
was contained in a straight-sided aluminum dish. Using this 
system food spillage was reduced to less than 3 gm weekly for 
nearly all rats. The spillage was determined by placing col- 
lecting papers under the cages and weighing the discard 
weekly. 

The composition of the diets is indicated in table 1. The 
B-vitamins ® and vitamin K were thoroughly g-round with a 
small quantity of purified casein or sucrose, as the ease might 


* Merck, 
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be. Vitamins A and D were added to the lard. Additions of 
folic acid and biotin have not been made to the diets. The 
diets were kept refrigerated at all times. 

The casein used was a “vitamin-test” product and was 
assumed for our pui’pose to be 100% protein. A yeast-protein 
concentrate * prepared by enzymatic digestion was used; this 
contained 67% protein. The washed wheat gluten contained 
70% protein. 

In the first experiment casein was used at 5 and 10% levels 
both with or without the addition of 0.5 % 1-eystine to the diet. 
The yeast protein was used to the extent of 10 and 15% in the 
diet, and wheat gluten protein at 15% in the diet. The results 
are shown in table 2. On the 10% casein diets the a-tocopherol- 
supplemented rats showed protein efficiency ratios signifi- 
cantly greater than those of the controls. On none of the other 
diets was there a benefit due to tocopherol. 

Some of the groups from this experiment were continued 
on their diets for 12 weeks at which time the tooth pigment of 
the maxillary incisors was rated on a 0 to 4 scale. The rats 
were autopsied and examined for stomach ulcers. The re- 
sults given in table 3 are similar to those reported previously 
for casein (Hove, ’46). Yeast protein apparently can replace 
tocopherol as a protective agent against depigmentation. 

Furthermore, it will be noted from table 3 that tocopherol 
supplementation failed to induce an enhanced weight gain 
when yeast supplied the protein of the diet. Dam’s report 
( ’44) in which tocopherol failed to influence body weight and 
the opposite finding by Hove ( ’46) that tocopherol had a very 
significant effect on body weight may now be reconciled. Dam 
used yeast protein and Hove used casein. 

A second experiment was designed to repeat the tocopherol 
effect on the 10% casein diet and to determine the influence 
of small amounts of yeast protein on the utilization of casein. 

^ General Bioehemicals, Inc. 

^ ^^Basamin-Bnsch from Anheuser-Bnseb, Inc., St. Louis, Mo. 
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TABLE 2 

l^ffeot of dj a-tocoplierol on the uUUmtion of protem hy growing rats. 
Six Utter-pairs nsed per diet. Values are the 4-ivceh averages 

from the second through the fifth weeh after 


PROTEIN IN DIET 


a-TOOO-PHEROD AVERAGE 
PED DAILY GKOWTir 


average 

POOD 

CONSUMED 


PROTEIN EPPICIENOY RATIO 
( GROWTH / PROTEIN INTAKE ) 



Wf/ 

C/ni 

!7W. 

S.E.^ ^ j 

Casein, 5% 

0 

lo.a 

156 

1.31 ±.115 ) 


1 

9.2 

U5 

1.2C±.094 ) 

Casein, o% 4" iho% 

Lcystine 

0 

15.5 

157 

1.76 ± .148 0 39 


1 

15.5 

171 

1.63 ± .142 ) 

Oaseiii; 10% 

0 

39.7 

226 

1.73 ±.095 1 

1.00 ± .066 1 


1 

51.3 

259 

Casein, 10% + 0.5% 

1-cystine 

0 

S7.5 

301 

2.72 ± .084 t „ 09 

2.96 ± .079 ) 


1 

96.8 

311 

Yeast protein, 10% 

0 

38.0 

240 

1.58 ± .095 ) ,, 

1,67 ±.124 ) 


1 

38.3 

228 

Yeast protein, 15% 

0 

86.2 

320 

1.-7 ± .103 ) 0.57 


1 

88.9 

313 

1.86 ± .120 ) 

Wheat gluten 

protein, 15% 

0 

22.1 

170 

0.87 ±.031 1 2.24 


1 

19.7 

183 

0.73 ± .054 i 


" S. E. = 


I dev.* 
\N(N-1) ' 


H for P = .05 is 2.23. 


Values greater than tliis are signifleant. 


TABLE 3 


(rrotvfhf stomach ulcers, and color of maxillarg incisor teeth of rats 
after 12 weeks on various protein diets. 

PROTEIN 

DATIiY 

a-TOCOPHEROL 

AVERAGB 

WEIGHT 

GAIN 

(12 AVE'EiKS) 

STOMACH 

irnoER 

INOIDENOB 

AVERAGE 
TOOTH 
COLOR ^ 


H i if 

inn 

% 


Casein, 5% 

0 

Jo 

66 

0.4 


1 

18 

17 

2.6 

Casein, 10% 

0 

117 

0 

0.5 


1 

156 

0 

2.9 

Yeast protein, 10 

0 

121 

n 

1.1 


1 

126 

0 

3.1 

Wheat gluten 

0 

64 

33 

2.5 

protein, 15% 

1 

60 

17 

3.3 


^ A score of 0 = a tooth completely bleached; chalk white. 

A score of 4 = a tooth normally colored; brownish yellow. 
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The results of this experiment are shown in tables 4 and 5. 
AVith the larger number of animals the influence of a-tocoph- 
erol on utilization of protein on the 10% casein diet was more 
striking. Statistically the difference due to tocopherol is sig- 
nificant with a probability of more than 99 chances in 100 

TABLE 4 


'Effect of 1 mg d, a-iocaplierol daily on the utilization of citsein at a 10% level 
in the diet of young male rats. Values are 4-weelc averages. 


EXPERI- 

MENT 

NtrarBEii 

NUMBER or 
LITTER-MATE 
PAIRS 

WEIGHT GAIN 
(GM) 

-El 

PROTEIN INT'AKE 
(GMJ 

-E -f-E 

PROTEIN EFFICIENCY RATIO 
(GAIN /protein) 

-E t-T}/E,V 

1 

6 

39.7 

51.3 

22,6 

25.9 

1.73 

1.99 (3.25) 

2 

15 

50.5 

59.'2 

22.6 

23.2 

2.23 

2.48 0-27) 


5 

45.2 

45.6 

24.1 

20.3 

1.88 

2.23 (3.64) 

4 

5 

35.6 

46.2 

19.3 

22.1 

1.85 

2.09 (3.73) 

5 

5 

38.8 

43.2 

21.4 

20.7 

1.81 

2.09 (3.74) 


Average 

42.0 

48.9 

22.0 

22.4 

1.88 

2.18 

^ Without tocopherol. 
“With tocopherol. 

’* Student’s method for t 

= D/Ea 

in Avliich 

values 

of t for 

P = .02 are 3.37, 


2.62 and 3.75 for 5, 14 and 4 degrees of freedom, respectiTely. 


TABLE 5 

Effect of yeast-protein digest and xanthine on the utilimtion of casein 
for growth hy young male rats over a d-voeelo period. 


EXPERI- 

MENT 

NUMBER 

PROTEIN SOURCE 

NUMBER 
OF RATS 

UAILY 

a-TOCOPHEBOTj 

PROTEIN EPFlCIENCy RATIO 
(GAIN/PROTEIN) t = d/E,j ^ 
± 8.E- 




niff 



2 

Casein, 10% 

Casein, 8%» + 

15 

0 

2.23 ± .064 

1 

(3.67) 


2% yeast protein 
Casein, 8% + 

10 

0 

2.56 ± .063 J 

1 


2% yeast protein 

10 

1 

2,50 ±: .117 


3 

Casein, 10% 

Casein, 10% -f 

5 

0 

1.88 ±: .023 "j 

1 

^ (3.14) 


0.1% xanthine 
Casein, 10% 4- 

5 

0 

2.11 ± .070 J 



0.1% xanthine 

5 

1 

2.12 ± .074 



^ Values for t = D/E,i by the Fislier method in which values of t for P = .01 are 
2.81 and 3.36 for 23 and 8 degrees of freedom, respectively. 
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(table 4). However, the addition of a small amount of yeast 
protein also increased the utilization of casein and completely 
replaced a-tocopherol in this action (table 5). The absolute 
values in this experiment are considerably higher than usual 
and we have no explanation for this. 

Schwarz ( ’44) has noted that xanthine can replace a-tocoph- 
erol in preventing liver damage and delaying death in rats 
on an alkali-washed casein diet. Therefore, a third experiment 
was designed to determine the effect of xanthine on casein 
utilization. From the results given in table 5 it is evident that 
xanthine does increase the protein efficiency ratio and re- 
places a-tocopherol in producing this effect. Perhaps a- 
tocopherol acts at some point in the metabolic changes from 
dietary amino acids to xanthine. Consequently, in the absence 
of tocopherol, xanthine becomes a dietary essential. 

The effect of d, a-toeopherol on the utilization of casein at 
the 10% level in the diet has been confirmed in 2 other brief 
experiments, the results of which are tabulated in table 4. 

In the preceding experiments ad Uhituni feeding has been 
allowed, using diets containing the single level of 10% pro- 
tein, for the most part. To furnish a clearer insight into the 
nature of the tocopherol effect another experiment was set 
up which used an equalized-feeding technique with diets con- 
taining a wide range of casein levels. 

Diets with purified casein contents of 6, 8, 10, 12, 14, 18 and 
40% were prepared. Five litter-pairs of weanling male albino 
rats were placed on each diet, and tocopherol supplements 
given as before. Each rat received exactly 7.0 gm of diet daily. 
Except for 4 rats on the 6% casein diet all daily allotments 
were consumed. On the 6% casein diet the total refusal was 
48 gm for the — E group and 10 gm for the -f- E group 
over the 4 weeks of the experiment. Protein efficiency ratios 
were calculated in the usual way by dividing the 4- week total 
gain in body weight by the protein contained in the quantity 
of diet consumed by each rat during this 4-week period. The 
results are expressed graphically in figure 1. On the 8 and 
10% casein diets the increased utilization due to tocopherol 
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was statistically significant, the respective values for those 
groups being 2.96 and 3.55 (Fisher method). No other dif- 
ferences were statistically significant. 

EFFECT OF <»< TOCOPHEROL ON CASEIN UTILIZATION 
(EQUALIZED FEEDING TECHNIQUE) 



Pig. 1 Tlio influence of d, a-tocoplicrol on the protein efficiency ratio as 
deternuned on diets with varying casein contents. Each point represents the 
average of 5 rats over 4 weeks. An equalized feeding technique was used in which 
all animals received 7.0 gm of diet daily. 


r).ISOUSSION 

Undei- the experimental conditions outlined, a-tocopherol 
produced a small hut significant increase in the efficiency of 
food utilization by growing rats on a diet containing 10% 
purified casein. The improvement due to tocopherol was sta- 
tistically significant in each of 5 consecutive experiments 
employing a total of 72 rats fed ud libitum. The average pro- 
tein-efficiency ratio for the vitamin E-low groups was 1.88, 
as compared with 2.18 for the tocopherol supplemented 
groups. The beneficial effect of a-toeopherol -was as evident 
on equalized feeding as on ad libitum feeding techniques. 
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Tliis effect of tocopherol in improving- efficiency of food 
utilization has been noticed by Pati-iok and Moi-gan { ’43) in 
chickens fed a synthetic diet containing casein protein. An 
explanation for the beneficial influence of tocopherol on food 
utilization efficiency or on protein-efficiency ratio may bo 
found in an experiment described by Bosshardt et al. (’46a). 
As non-protein calorie iiitake increased, protein intake re- 
maining constant, the protein-efficiency ratio was found to 
increase. Consequently, in our experiments tocopherol may 
be increasing the efficiency of fat metabolism thus giving, in 
effect, a higher calorie intake and resulting indirectly in a 
higher protein-efficiency ratio. 

Low levels of a yeast protein autolysate, or 0.1% of 
xanthine added to the low-casein diet, each improved the pro- 
tein-efficiency ratio and completely replaced a-tocopherol in 
this action. 

The ability of a-tocopherol or xanthine to improve casein 
utilization may be related to the report of Sclnvarz ( ’44) that 
these compounds prevented cirrhotic changes in the liver and 
death of rats on a diet containing 15% alkali-extracted casein. 
Traces of xanthine contained in crude casein would be re- 
moved by the alkali extraction and a xanthine-free diet would 
result. Griri and Eao (’46) reported that xanthine functions 
as an antioxidant in metal catalyzed oxidations and it may be 
in this same capacity that it acts similarly and non-speeifically 
with a-tocopherol in vivo. 

Schwarz found dried yeast, 0.5 gm daily, to be but slightly 
active, while our results showed a yeast protein concentrate 
to be highly active. The active agent in our yeast preparation 
may have been liberated or formed from precursors during 
the enzymatic digestion. Studies on this problem as well as 
the influence of other purine bodies- and of folic acid are being 
pursued. In this regard Bosshardt et al. ( ’46b) working with 
mice noted an increased utilization of casein protein produced 
by a butanol extract of liver. 

On diets with casein levels as low as 5 or 6%, tocopherol 
did not increase the iDi-otein-efficioncy ratio over the 4-week 
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test, period. Eats kept on such diets for periods up to 20 weeks, 
liowever, showed a dramatic growth and survival henefit from 
7 .-tocopherol (Hove, ’46). This difference may indicate that 
the interrelation between protein and a-tocopherol follows 
separate and independent mechanisms under these 2 experi- 
mental conditions. 


SUMMARY 

1. d, a-tocopherol increases the utilization of casein protein 
for growth of young rats when the casein level in the diet is 
between 6 and 12%. There is no benefit due to tocopherol at 
casein levels over 12% or under 6% in the 4- week test period. 

2. d, a-tocopherol reduces the incidence of stomach ulcers 
and the bleaching of maxillary incisors which occur in I’ats 
maintained on low-casein diets. 

3. A yeast-protein concentrate or 0.1% xanthine in the diet 
is as effective as a-tocopherol in increasing the utilization 
of casein protein. 
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OE GENERAL NUTRITION 


IV. TUI'-. COJrPAUATIVK COMPOSITION OF RATS IN RRI.ATION' TO 
INTAKE OF FAT AND CALORIES ^ 

BRADLEY T. SCHEER, EVELYN STRAUB, MAX FIELDS, EMILY R. 
MESEBVE, CORNELIA HENDRICK AND H. J. DEUEL, .TR, 

Depart me7it of Biochemistri/ and NiUrltioiiy JJnivcrdliy of Southern California 
School of Medicine, Los Angeles 


(lieceived for publication July -5, 1947) 


Earlier studies from this laboratory have shown beneficial 
effects on rats of the inclusion of liberal amounts of fat in 
the diet. Growth, resistance to undernutrition, physical ca- 
pacity, and reproductive performance were all improved on 
sjmthetic diets containing 10 to 40% of fat, as compared with 
similar diets lacking fat (Deuel et ah, ’47 ; Seheer et al., 
’47a, b, c). 

The present report includes data on the content of water, 
protein, fat, ash, and calcium in the bodies of rats selected 
from these experiments. The methods used were essentially 
those employed by Deuel et al. (’44), but the entire body 
of the animals was analyzed, rather than the eviscerated car- 
cass, The intestine was removed, and the contents were 

^ The work reported here was supported in part by a research grant from The 
Best Foods, Inc. The authors wish to acknowledge the helpful advice of Prof. 
Anton J. Carlson of the University of Cliicago, Prof. Arthur W. Thomas of 
Columbia- TJniversity, and Dr. II. W. Yaldteich of The Best Foods, Inc., during 
the course of the experiments. 

The work was also undertaken in cooperation with the Coniinittce on Pood 
Beseareli of the Quarterinjuster Food and CJontainer Instituie foi* tlie Armed 
Forces. The- opinions and conclusions contained in this report are those of the 
a.utliors. Tlioy are not to he construed a.s necessarily reflecting the views or 
indorsement of the War Department. 
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washed out with saline ; the intestine was then passed throug’h 
the meat grinder together with the remainder of the rat body. 

The composition of the diets used and general experimental 
procedure have been published previously (Deuel et ah, ’47). 
Briefly, the diets were composed entirely of purified or syn- 
thetic materials, in such proportions that the intake of protein, 
minerals and vitamins would bear a constant ratio to caloric 
intake. The protein content of the diet ranged from 25% to 
37.5%. The fat contents varied as follows: 60a, no fat, but 
ethyl laurate (1%) added as carrier for fat-soluble vitamins; 
60b, no fat, but methyl linolate (1%) : 60c, no fat, but methyl 
linolate (2.5%) ; 61, 5% fat (cottonseed oil) ; 62, 10% fat; 
63, 20% fat ; 64, 40% fat. The stock diet contained oats, wheat, 
alfalfa, yeast, salts, and cottonseed oil; the fat content was 
about 14%, and protein about 15%. 

EESULTS 

The results of the body analyses are summarized in table 1. 
The values for rats fed ad libitum (series I) agree fairly 
well w'ith the figxu’es of Deuel et al. ( ’44), but the variability is 
greater in our values. The protein, ash and calcium contents 
of our males appear somewhat higher, the carbohydrate some- 
what lower than those reported by Deuel et ah, and the sex 
differences reported by these authors are not as evident in 
our data. In the earlier tests a uniform fat level was fed in 
all tests and a large number of rats were available for com- 
parison of the influence of sex on body composition. Appar- 
ently, however, the inclusion of the viscera in the analysis does 
not greatly alter the values obtained. 

A period of very severe calorie restriction in young adult 
rats previously fed the stock diet ad libitum evidently results 
in a decrease in fat and carbohydrate, and an increase in 
water and ash (series II). The protein content increases 
slightly. The fat content appeared to be slightly higher on 
diets 63 and 64 providing liberal fat intake than on fat-free 
or low-fat diets. This is correlated with the fact that mor- 
tality was least in animals receiving diets high in fat. How- 



TABLE 1 

The hody composition of male and female rats. Series I were fed ad Wbitum on diets containing several levels of fat for 18 toeelcs after 
weaning ; Series II were fed ad libitum on stoch diet for 19 weeTcSj followed by diets containmg several levels of fat at 24 cal, per day for 
8 weehs and then 12 cal. per day for 4 loeelcs; Series III received 12 cal. per day for 12 weeks after weaning while Series IV were also 
fed at a level of 12 cal. per day for 12 weeks after weaning hut then received the diets ad libitim for 4-7 weeks (females) or 7-10 weeks 
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ever, it should be emphasized that mortality was also low on 
the stock diet, and that the fat content of animals on this 
diet fell to low levels. In an earlier report (Scheer et ah, ’47c) 
we have suggested that the mortality observed wms somehow^- 
related to vitamin deficiencies. 

Bats kept on a restricted caloric intake for 12 Aveeks after 
weaning (series III) have a higher content of water, and less 
fat than do animals fed ad Ubitiuii; protein content is some- 
what lower in the males, but not in females. There is no clear 
relation of fat content of the body to that of the diet, '^^Tieu 
these animals on restricted feeding wmre transferred to ad 
libitum feeding (series IV), there Avere small decreases in 
water and ash content, and definite increases in fat content on 
all diets. The fat content of the body does not appear to he 
cori-elated Avith the level of dietary fat. A slight decrease in 
carbohydrate is apparent in females, hut not in males. 

Taken together, our data show a very striking uniformity 
of body composition Avith gross variations in fat content of 
the diet and calorie intake. Fat and A\’-ater content are the 
greatest Amriables, Avith protein remaining’ nearly the same 
throughout. In an earlier report (Deuel et ah, ’47) the great- 
est increase in body size in male rats Avas found on diets 
containing about 20% fat. This same diet results in the 
greatest deposition of body fat. HoAvever, the differences in 
Aveight on the various diets are not simply the result of dif- 
ferences in fat deposition. In fact, the relathm contributions 
of the various components to the increased size, above that 
on a fat-free diet, are remarkahly uniform. Table 2 presents 
data shoAving the difference in Aveight hetAveen rats receiving 
diets Avith fat and rats fed the fat-free ration (60b), and the 
percentage contribution to this increase of each of the body 
components analyzed for, this being determined by dividing 
the difference in total weight of each component liy the dif- 
ference in animal Aveight. 

An earlier report (Scheer et ah, ’47b) shoAved ihat physical 
capacity is greater in rats fed liberal amounts of fat than in 
rats fed the fat-free diet. There is no eAudence from the 
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present results that this difference is related to body com- 
position. 


TABLE 2 


Eelative contributions of various components of the bodp to the differences in 
weight between male rats fed diets containing fat and male rats 
fed a fat-free diet ( 60 h). 


DIET 

WEIOilT 

DIFFERENCE 


CONTRIBUTION TO WEIGHT DIFFERENCE FROM 

■Water 

Protein. 

Pat 

Ash 

Carbohydrate 


ffifl 

% 


% 

% 

% 


i>5 

40 

15 

43 

o 

0 

02 

ro 

33 

10 

54 

o 

0 

63 

123 

35 

14 

47 

o 

2 

04 

87 

39 

10 

42 

1 

o 


SUMMARY 

1. Data are presented on tlie body composition of rats 
fed diets varying* in fat content from 0 to 40%, at normal 
and severely restricted levels of caloric intake. 

2. In general, the fat content of tbe body is not related 
to fat content of the diet; rats receiving diets with 20% fat 
fed ad libitum have the highest content of body fat. 

3. Calorie restriction, in weanling or young adult rats, 
results in relatively high water content and very low fat 
content. Ash also increases in young adult rats. 

4. The greater body size on diets containing liberal 
amounts of fat as compared with fat-free diets, is not the 
result solely of deposition of fat. 

5. There is no evidence that the effects of varying fat 
content in the diet on resistance to undernutrition and on 
physical capacity are the result of differences in gross body 
composition. 
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Drpnrtmcnts of Animal llushandry and Homo Bconomies, 

Idaho Agricultural Experiment St(itio)(., Afo.sraic 

(Tipcohvd for July 7, in-fv) 

Legumes ai’e readily obtained sources of vegetable pro- 
tein and are frequently used in Ioav cost diets. They are often 
nsed, also, to complete the ])rotein quota in rations for both 
man and animals. The available supply of sidfur-containing 
amino acids limits the Amine of legumes as the sole source 
of pji’otein. Woods, Beeson and Bolin ( ’43) and Lebver, Woods 
and Beeson (’47) liaA^e shoAAm that the groAA'tb efficiency of 
dry Alaska peas is more than dmdiled by the single addition 
of motliionine to a 10% protein diet. 

The cereal germs are another source of A’egetable protein. 
As early as 1919 Osborne and Mendel reported that the pro- 
teins of the embryo of Avheat A\mre different chemically from 
those of tlie endosperm and A\mre superior to those of the 
Avhole grain for maintenance of adult rats as aA'oII as for 
groAvtb in the young. Stare and Hegsted ( ’44) revieAved the 
jAublished reports on the y)rotem of both Avheat and corn germs 
and summarized their reAneAv by stating that these proteins 
AAmre of “high nutritive Amine.” Jones and Widness (’45, ’46) 
obtained consistently better groAvth in Aveanling rats Avith 
Avbeat germ than Avitli corn germ as the only source of protein. 

* PuMislied with the aji^n’cval of the D-lreetor of the Idaho Agricultural Exper- 
iment Station as Eeaearch Pniier 26G. 

^Present address: Department of Animal Hnshaiidry, Purdue University, 
Lafayette, Indiana. 
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Model'll milling nietliods produce botli wheat and corn germs 
which are relatively free from other portions of the grain. 
These grain germs are available for both human and animal 
feeding. 

The Avork reported here is a continuation of the study of the 
use of dry peas as a source of protein. This paper is con- 
cerned Avith the groAvth of rats produced by the combination 
of AA^heat or corn germ Avith peas. 

EXPEBIMENTAL PROCEDURE 

Alaska field ])eas (23.1% protein) A\mre soaked in di.stilled 
Avater oA'ernight, cooked, dried at 62°(h and then ground. 
The AA' heat germ (28.8';t' protein), the usual coniniercial prod- 
uct, Avas ground in the laboratory, but not further processed. 
The corn germ (23.2% protein) Avas a “Ioav fat, dehydrated, ' ’ 
finely ground product. A diet containing dried Avhole egg 
(44.0% protein) as the source of protein avus used as a 
standard of comparison. All diets Avere made up to contain 
protein at a 10% level. The complete compositions of the 
diets are given in table 1. 

TAA’'enty-oiie gm of a vitamin-sucrose mixture and 2.5 gm 
choline chloride Aimre included in each kg of diet. This amount 
of Aitamin mixture proAuded the folloAving supplements per 
100 gm of diet: thiamine, 0.49 mg; riboflavin, 0.49 mg; py- 
ridoxine, 0.61 mg; nicotinic acid, 0.61 mg; calcium panto- 
thenate, 4.9 mg; para-amino benzoic acid, 29.4 mg; inositol, 
98.0 mg; and 250 mg choline chloride. The Osborne and Men- 
del (’19) salt mixture Avas used in all diets. Methionine Avhen 
used replaced an equal amount of sugar. 

lYeanling rats housed in indmdual cages Avere used for the 
investigation. They were AAmighed Aveekly for 8 Aveeks and food 
consumption records made at each AAmighing.’ 

The statistical analyses of the data Avere made according to 
the methods of Snedecor ( ’46) . 

* Generous amounts were furnished hy tlie Vio Bin Corporation, IMonticello, 
Illinois. 

The assisianee of K-. A. York in the rare of aniniais i.s j[>'ratefnli v tteknowlchlgchl. 
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TABLE 1 


Composition of cfiets.^ The various sources of protein u'cre used iu amounts 
calculated to furnish protein at a 10% level. 


LOT 

I'KOTEIN 


siienosE 

SALT 

COTTON- 

SEED 

OIL 

00 D 
LIVER, 
OIL 

NO. 

Source 

Amount 

MIXTURE 



ffm/ ku 

am/ku 

ffni/Jcfj 

gmflcu 

r/m/ hg 

1 

EggS 

227 

639.5 

40 

30 

20 

2 

Peas 

433 

444.5 

40 

39 

20 

3 

Wheat germ 

352 

563.5 

40 

3. 

20 

4 

Corn germ 

488 

400.5 

40 

28 

20 

5 

Peas 

433 






and 

dl-methionine 

o 

441.5 

40 

39 

20 

(i 

50% Peas 

195 






and 

50% Avheat germ 

195 

512.5 

40 

14 

20 

7 

75% Peas 

310 






and 

25% wheat germ 

303 

483.5 

40 

22 

20 

8 

87.5% Peas 

372 






and 

12.5% wheat germ 

53 

465.5 

40 

26 

20 

9 

50% Peas 

231 






and 

50% corn germ 

231 

425.5 

40 

29 

20 

10 

75% Peas 

337.5 






and 

25% corn gman 

112.5 

437.5 

40 

29 

20 

11 

87,5% PeJKs 

389 






and 

12.5% corn germ 

55.5 

442 

40 

30 

20 


^ Eacli diet contained 21 gin/kg of the vitamin-sucrose mixture described in the 
text in addition to 2.5 gm/kg of choline chloride. 

“ Egg diet contained 20 gm/kg of Agar-Agar. 


RESULTS AND DISCITSSTON 

Tlie results of these experinients are summarized in tables 
2 and 3. 

Examination of the results obtained from the diets con- 
taining a single product, as sole soui'ce of protein, reveals 
that the cereal germs compared favorably with tlie whole egg 




TABLE 2 


o 


Avcmnc growth rrsponsr. 


nOT 

370. 

DIET 

2fO. 

OF 

HATS 

AV. 

DAIIjA' 

OAIN 

AV. GjIIN 

PER OM 

OF 

PROTEIN 

AV. FOOD 
REQUIRED 

I'ER OM 

O.VIN 

AV, FOOD 
CONSUMED 
DAIEA' 

AV. DIFE 

OF 

EATS ^ 





fJYA 

gm 

gm 

gm 

dagtt 


1 

Egg 

S 

2.17 ± .11 

2.50 ± .08 

3.99 ± .2(i 

8.65 ± .36 

56 

55 

2 

Peas 

19 

0.60 ±..04 

0.95 ± .06 

10..54 ± .68 

6.36 ± .45 

33 


3 

Wheat germ 

12 

2.87 ± .18 

2.16 ± .00 

4.73 ± .20 

10.89 ± .12 

.56 


4 

Corn germ 

12 

2.36 ± ,11 

2.01 ± .06 

5.01 ± .14 

11.74 ± .13 

56 


5 

Peas and 0.3% 







rj. 


dl-methioiiine 

19 

1.88 ± .09 

2.04 ± .06 

4.89 ± .13 

9.20 ± .39 

56 

6 

6 

.50% Peas and 









50 wheat germ 

12 

2.11 ± .11 

1.96 ± .07 

5.18 ± .20 

10.74 ± .03 

56 


7 

75% Peas and 









25% wheat germ 

7 

1.77 ± .06 

1.92 ± .05 

5.23 ± .16 

9.21 ± .02 

56 


8 

87.5% Peas and 









12.5% wheat germ 

S 

1.47 ± .04 

1.69 ± .04 

5.94 ±. .15 

8.75 ± .03 

56 

TSl 

9 

50% Peas and 









50% corn germ 

13 

1 .85 ± .11 

1.97 ± .07 

5,15 ± .19 

9.33 ± .04 

.56 


10 

75% Peas and 









25% corn germ 

8 

1.58 ± .05 

1.75 ± .05 

5.74 ± .14 

9.02 ± ,02 

56 


11 

87.5% Peas and 









32.5% corn germ 

9 

1.30 ± .08 

1.51 ± .06 

6.71 ± .24 

8.64 ± .26 

52 



* Exporimeiital period 56 days. 


TABLE 3 



i^talistical 

comparisons of growth on 

various (iieis. 





DOT NO. 

DIETS eOMPARrn> 

average daidy gain (gm) 

AT pan Standard 

-'iffvre..ee “ 

AVERAGE GAIN PEE GM 
PROTEIN (gm) 

Afpjn Standard 

1 1 

1-2 

Egg vs. 

1.57 

.12 

13.08 

1.55 

.10 

15.50 


1-3 

Egg vs. wheat germ 

0.20 

.16 

1 *^2 

0.34 

.12 

2.82 


1-4 

Egg vs. corn germ 

0.19 

.15 

' 1.22 

0.49 

,10 

4.90 


1-5 

Egg vs. peas + 0.3% dl-methioiiine 

0,29 

.14 

2.07 

0.46 

.11 

4.18 

>• 

3-4 

Wheat germ vs. corn germ 

0.01 

.17 

0.05 

0.15 

.11 

1,38 

U2 

2-5 

Peas vs. jieas -f 0.3% dl-metliionine 

1.28 

.10 

12.80 

1.09 

.09 

12.11 

hj 

5-6 

Peas 4- 0.3% dl-methionine vs. 







O 


50% peas 4-50% wheat germ 

0.23 

.14 

1.62 

0.08 

.09 

0.87 

H 

5-7 

Peas 4~ 0.3% dl-methionine vs. 







f-4 


75% peas 4-25% wheat germ 

0.11 

.10 

1.66 

0.12 

.08 

1.53 

5-8 

Peas 4“ 0.3 % dl-methionine vs. 







> 

fej 


87.5% peas 4- 12.5% wheat germ 

0.41 

.09 

4.16 

0.35 

.07 

4.85 

i::3 

5-9 

Peas 4“ 0.3% di-methionine vs. 







O 


50% peas -j- 50% corn germ 

0.03 

.14 

0.02 

0.07 

.09 

0.76 


5-10 

Peas 4- 0.3% dl-methionine vs. 







w 


75% peas 4~ 25% corn germ 

0.80 

.10 

2.92 

0.29 

.08 

3.71 


5-11 

Peas -p 0.8 % dl-methionine vs. 







*-n 

w 


87.5% peas -}- 12.5% corn germ 

0.58 

.12 

4.81 

0.53 

.08 

6.24 


6-9 

50% Peas -j- 50% wheat germ vs. 









50% peas 4- o0% corn germ 

0.26 

.15 

1.67 

0.01 

.09 

1.01 


7-10 

75% Peas 4-25% wheat germ vs. 









75% peas 4* 25% corn germ 

0.19 

.07 

2.43 

0.17 

.07 

2.40 


8-11 

87.5% Peas 4~ 12.5% wheat germ vs. 









87.5% peas 4- 12.5% corn germ 

0.17 

.08 

1.90 

0.18 

.07 

2.49 



"A t value of 3.499 establishes the 1% point for the comparisons based on the smallest number degrees of freedom; therefore 
a value of 8.499 or larger is Mglily significant. 


Ca 
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ill rate of gain but were less efficient. In tlie case of corn germ 
this difference is statistically significant. A conijiarison of the 
pea diet data with those of whole egg emphasizes the superior 
quality of egg protein. As previously reported by Jones and 
Widness (’46) the growth response resulting from wheat 
germ protein was better than that from corn germ. In the 
experiments reported here, the t value does not indicate that 
the difference is significant. 

It has already been reported from this laboratory (Lehrer 
ot ah, ’47) that the addition of 0.3% dl-methioniiie improves 
both growth rate and efficiency of food utilization on a diet 
in which cooked peas supply the protein. Results from tlie 
diets in which the protein is supplied by mixtures of peas 
and either Avheat or corn germ also show improi'od growth- 
promoting quality. Both rate of gain and efficiency were not 
different from those of the methionine diet when |jeas and 
either germ were used in equal proportions, or when the mix- 
ture contained 25% wheat germ and peas. However, when 
the mixture was 25% corn germ and 75(1 ]ieas, the efficiency 
of the mixed proteins was significantly lower than that for 
the peas and methionine diet. "Wlien the mixture was reduced 
to 12.5% of either cereal germ to 87.5% of peas neither one 
gave as good growth as the 0.3% methionine supplemented 
pea diet. This is true whether the measure used ivas average 
daily gain or average gain per gm of protein. 

SUMMARY AND CONCLUSIONS 

A study of the quality of the jn'otoins of wheat germ and 
of corn germ as a supplement for peas has l)een made using 
the growth-promoting method with young rats. 

When used as the sole source of protein both of the products 
studied compared favorably with whole egg protein in rate of 
gain but the corn germ was significantly less efficient. 

As a supplement for whole peas, wdieat germ in equal pro- 
portions or a.s 25% wheat germ to 75% cooked ])oas liad as 
good a growth -promoting value as peas ,su])plemenled with 
0.3% dl-methionine. 
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Corn gei’m, fed in equal proportions witli peas, produced as 
good resiilts as the methionine diet hut was not as efficient 
as methionine when used as 25% of the mixture. 

Neither product as 12.5% to 87.5% peas gave as good results 
as 0.3% dl-methionine added to peas. 

Under the conditions of tliis experiment, the wheat germ 
product used Avas a better supplement for peas than the corn 
germ. 
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STUDIES ON THE CONCENTRATION OF SOME 
B-VITAMINS IN THE BLOOD OF NORMAL 
AND COBALT DEFICIENT SHEEP ^ 

S. N. KAY, AV. C. W.EIE, A. L. POPE AND P. II. PHILLIPS 
Biochemistry and Animal Ilwshandry 'Depart menis. 

University of WisconsUif Madison 


(Beceived for publioatioii August 1, 1947) 


In a previous paper (Ray et al., ’47), it Avas sIioayu that 
injection of thiamine and possibly pyridoxine ameliorated tlie 
coiiditon of cobalt deficiency in ruminants. It aa’us suggested 
that in cobalt deficiency, the production of B-vitamins in the 
rumen of the deficient animal A\ms disturbed and the symptoms 
of the deficiency may be due to avitaminosis. In order to 
cheek this point, it Avas decided to examine the concentration 
of some B-vitamins in the blood of normal and cobalt deficient 
sheep, as it Aims thought that if these Autamins vmre not being* 
elaborated in sufficient quantity in the rumen of the deficient 
animal, their concentration in the blood AAmuld also fall. The 
I'csults of this investigation are reported here. 

BXPEHIMENTAL 

The cobalt deficient sheep Avere all kept on a basal ration 
of cobalt deficient hay (Co content = 0.03 ppm) and a mix- 
ture of 80% corn and 20% corn g’luten meal. In addition, the 
animals AA’ere offered iodized salt ad libitum. Some of these 
animals Avere born at the Experiment Station and had been 

^ PublishecI with the aiijiroval of the Director of Wisconsin Agilcultural Exjier- 
inient Station. 

* This work was supported in part by the Wisconsin Alumni Eeseavdi Foim- 
dation. 
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on the cohalt deficient ration since their birth. The other 
animals of this group were purchased from farms where 
symptoms of cohalt deficiency had been prevalent and no 
cobalt therapy had been used. The normal animals were also 
kept on the identical ration except that they received co- 
baltized salt (12.7 gm G 0 SO 4 • 7 H 2 O per 25 lbs. iodized 
salt). The composition of the basal ration was kept constant 
in both groups, as it had been found by Lardinois et al. ( ’44), 
that the composition of the feed has a great effect on the 
production of B-vitamins in the rumen. The animals were kept 
on those rations for 6 mouths to 1 year before they w’ere 
examined. In the deficient group, blood Avas collected from 
only those animals Avhich were just beginning to shoAV de- 
ficiency symptoms, as evidenced by a sloAving of the growth 
rate. At this stage, the food intake of the deficient animals 
was quite comparable to that of the normal animals. This 
policy was adopted as we did not want to have the results 
complicated by inanition, AA^hieh is always seen in acute cobalt 
deficiency. 

Oxalated blood was collected in the morning and rvas sent 
under ice to the laboratory where it was kept in the re- 
frigerator until used. In no ease Avas the blood more than 
3 days old AAdieii examined. One ml of blood was mixed Avith 
7 ml of acetate buffer (pH 4.5), 1 ml of takadiastase solution 
(20 ing per ml), and 1 ml of papain suspended in AAmter (20 mg 
per mi) (Cheldelin et ah, ’42). A little benzene Avas added as 
a presei'Amtive to the mixture Avhicli Avas then incubated for 
24 hours at 37 °0. The mixture AAms then heated for oue-half 
hour in floAAung steam, cooled, and filtered. An attenqjt was 
made to estimate the vitamins in this filtrate by the recognized 
microbiological methods, but too Ioav recoA'ery and too much 
“drifting” AAms observed. A knOAAur Amlume of filtrate Avas 
therefore extracted AAuth tAvdce its volume of ether and the 
ethereal layer Avas discarded. Tlie extraction Avas carried out 
once more and tlie aqueous layer aauis freed of ether by gentle 
heating on a hot plate and then made up to proper A'olume. 
This procedure eliminated entirely the “di'ifting” seen AA’ith 
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increased amount of unknown solutions. The recovery of 
added vitamins was also good, being mostly within 92-103%. 
Roberts and Snell’s method (’46), using L. casei was used foi- 
tlje determination of riboflavin, pantothenic acid, folic acid, 
and niacin. For the estimation of total pyridoxiue, the method 
of Atkin et al. (’43), as modified by Eabinowitz and Snell 
(’47), was employed, using Saccharomyces Cmishergensis as 
the microorganism. For this last method, 1 ml of blood was 
mixed with 9 ml of 0.05 N HCl, autoclaved for 5 hours at 15 
lbs. pressure, cooled, adjusted to pH 5.2, centrifuged, and the 
clear supernatant fluid used for analysis. With both L. casei 
and the yeast, an 18-hour incubation, followed by the turbidi- 
metrie measurement of the growth of microorganisms was 
used. In pyridoxiue detennination, the tubes were shaken 
continuously during the whole period of incubation. 

The results of our findings are given in table 1. 

TABLE 1 

C 071 rent ration, of various vitamms m the hlood of Qiormal and col) alt-dr fident 
sheep. All values are in pg per ml of hlood, with means and standard 
deviations fro7)i the mean. 


VITAMIN 

Biboflnviii 
Folic acid 
Pantotliciiic acid 
jSTicotinic acid 
A^'itaiiiiii Bfl group 


NORMAL 


0.260 ± 0.02S (l?>y 
0.040 ± 0.008 (8) 
0.41S ± 0.070 (10) 
12.U ±1.81 (8) 

0.118 ±0.018 (6) 


DEFICIENT 


0.285 ± 0.035 (12) 
0.044 ± 0.007 (0) 
0.432 ± O.OS2 (13) 
9.53 ± 2.99 (6) 

0.067 ±0.010 (5) 


^ The figures in parentheses represent number of aninials oNamiiied. 


BISCXJSSTOlsr 

No values for the riboflavin, folic acid, and vitamin B,, con- 
tents for normal sheep blood are available in the literature. 
Our values for the riboflavin content for normal sheep are 
lower than those reported in normal animals of other species 
by Strong et al. (’41) ; hnt as these authors did not carry out 
any lipid separation from the blood extract, the values found 
by them might have been too liigh (Eckhardt et ah, ’41). Our 
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folic acid values are similar to those found for man, hut higher 
than those of cattle or pigs (Schweigert and Pearson, ’47). 
Our pantothenic acid values are much higher tlian those re- 
ported by Pearson (’41) for sheep. This may possibly he 
due to a difference in the rations of Pearson’s animals, as 
it has been shown by Lardinois et al. (’46), that ration com- 
position influences greatly the rumen synthesis of the vit- 
amin-B complex. Our values for the nicotinic acid content of 
iioimial sheep blood are similar to those found by Pearson 
et al. (’40). 

It may be seen tliat the coiieentrations of nicotinic acid and 
vitamin B,i contents of the blood of deficient animals were 
definitely lower than those in normal sheep ,• there was a sug- 
gestion of a similar lowering in the case of riboflavin. It is 
plausible, therefore, that these 3 vitamins were not being- 
produced in sufficient cpiantity in the rumen of the cobalt 
deficieTit sheep. The folic acid and pantothenic acid contents 
were, however, nearly the same in the 2 groups. This may 
indicate that the production of various members of vitamin-B 
complex may be brought about by different rumen mieroflora 
and cobalt may influence the production of some, but not of 
all the members. 


SUMMABY 

The concentrations of nicotinic acid and vitamin Br group 
in the blood of cobalt deficient slieep were found to be lower 
than those in the normal animals ; there was a suggestion of 
a similar lowering in the case of riboflavin. The folic acid and 
pantothenic acid contents were not affected. 

The relation of cobalt metabolism in ruminants to endoge- 
nous production of certain of the B-vitamins is discussed. 
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folic acid values arc siniilar to those fouad for man, hut higher 
than those of cattle or pigs (Schweigert and Pearson, ’d7). 
Our pantothenic acid values are nme-h higher than those re- 
ported by Pearson (’41) for sheep. This may possibly ho 
due to a difference in the rations of Peai-son’s animals, as 
it has heen shown by Lardiiiois et al. (’46), that ration com- 
position influences greatly the rumen synthesis of the vit- 
amin-B complex. Our values for the nicotinic acid content of 
normal sheep blood are similar to those found by Pearson 
et al. (’40). 

It may be seen that Iho concentrations of nicolinic aciil and 
vitamin B,) contents of the blood of delieient animals were 
definitely lower than those in normal shoe]); there was a sug- 
gestion of a similar lowering in the case of riboflavin. It is 
plausible, therefore, that these 3 vitamins Avere md being 
produced in sufficient quantity in the rumen of the t'ohalt 
defieient sheep. The. folic acid and pantothenic acid contents 
were, however, nearly the same in the 2 groups. This may 
indicate that the production of various members of vitamin- H 
complex may be brought about by diffei-ent rumen microflora 
and cobalt may influence the production of some, but not of 
all the members. 


SUMMARY 

The concentrations of nicotinic acid and vitamin B,, group 
in the blood of cobalt deficient sheep were found to be lower 
than those in the normal animals ; there Avas a suggestion of 
a similar loAvering in the case of riboflavin. The folic acid and 
pantothenic acid contents Avere not affected. 

The I’elation of cobalt metabolism in ruminants to endoge- 
nous production of certain of the B-Autamins is discussed. 
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MEAD JOHNSON AND COMPANY 
'B-COMPLEX’ AWARD 

Nominations arc solicited for the 1948 Award of $1,000 
establislaed by Mead Johnson and Company to promote re- 
searches dealing with the B complex vitamins. The recipient 
of this Award will be chosen by a Committee of Judges of 
the American Institute of Nutrition and the formal presenta- 
tion will he made at the annual meeting of the Institute in the 
Spring of 1948. 

The Award will be given to the laboratory (non-clinical ) or 
clinical research worker in the United States or Canada who, 
in the opinion of the judges, has piiblished during the previous 
calendar year January 1 to December 31 the most meritorious 
scientific report dealing with the field of the ‘B-coinplex’ vita- 
mins. While the award will he given primarily for publication 
of specific papers, the judges are given considerable latitude 
in the exercise of their function. If in their judgment circum- 
stances and justice so dictate, it may be recommended that 
the award be made to a worker for valuable contributions over 
an extended period bnt not necessarily representative of a 
given year. Membership in the American Institute of Nutri- 
tion is not a requisite of eligibility for the award. 

To he considered by the Committee of Judges, nominations 
for this award for work published in 1947 must be in the 
hands of the Nominating Committee by Jamiaiy 10, 1948. The 
nominations should he accompanied by such data relative to 
the nominee and his research as will facilitate the task of the 
Committee of Judges in its consideration of the nomination. 

E. N. Todhuntor 
University of Alabama 
University, Alabama 

Ohairjfan, Mead Johnson Nominating Committee 




±£LJli t/UUJlJyjiLJU l/jt? jy U 


(l&adif. i& 

j£.aJ)jO/udiO^ Qonificdled 
Save Time GRjj Save Money 

Rbk. U. S. W I# I I t-„u Off. 


Vitamin Test Casein 
Vitamin A Test Diet U.S.P. XII 
Vitamin B-Complex Test Diet 
Rachitogenic Diet No.2 U.S.P. XII 

Other GBI Diet Materials 
Salt Mixture No. 2 U.S.P. XII 
Brewers Yeast Powder 
Casein Hydrolysate Powder 
Laccalbumen Hydrolysate Powder 
Vitamins and Amino Acids 

Write for Booklet b77 describing these and 
other special products for nutritional research. 


GENERAL BIOCHEMICALS, INC 


01 LABORATORY PARK CHAGRIN FALLS, OHIO 


Hil AlMHOL EXlR^CHi 


VITAMIN TEST CAIIIN 


for Biological Assays and Research 


Fat and water soluble vitamins are removed 
by several thorough extractions with hot 
alcohol. This process, which requires five 
days of special treatment, provides a prod- 
uct of exceptional purity and uniformity 
making it ideally suited for use in a wide 
range of experimental diets, It has been the 
Vitamin Test Casein of choice of many 
laboratories for the past ten years. 

For other GBI diet materials and 

supplements write for Booklet No. 677 


GENERAL BIOCHEMICALS, inc. 


61 LABORATORY 
PARK 

Rcg.U. S. 



CHAGRIN FAILS, 
OHIO 

Par. Off. 


ROCKLAND 

SMALL ANIMAL 

STOCK DIETS 

are specie specific, complete and 
in pellet form. 

BOCKLAND 
MOUSE DIET 

ROCKLAND 
RAT DIET 

(complete and ‘D’ free) 

ROCKLAND 

GUINEA PIG DIET 

ROCKLAND 
RABBIT RATION 

Milled and distributed solely by 

AROADY FARMS MILLING CO. 

223 WEST JACKSON BLVD, CHICAGO, ILL. 

Authorized Dealers in All Principal Cities 







MEAD JOHNSON AND COMPANY 
‘B-COMPLEX’ AWARD 


Nomiiiatioiis are solicited for tlie 1948 Award of $1,000 
established by Mead Johnson and Company to promote re- 
searches dealing with the B complex vitamins. The recipient 
of this Award will be chosen by a Committee of Judges of 
the American Institnte of Nutrition and the formal presenta- 
tion will be made at the annual meeting of the Institute in the 
Spring of 1948. 

The Award will be given to the laboratoiy (non-edinieal) or 
clinical research worker in the United States or Canada who, 
in the opinion of the Judges, has publishetl during the previou.s 
calendar year January 1 to December 31 the most meritorious 
scientific report dealing with the field of the ‘B-eomplex’ vita- 
mins. While the award will be given primarily for publication 
of specific papers, the Judges arc given considerable latitude 
in the exercise of their function. If in their Judgment ciremu- 
stanees and Justice so dictate, it may be recommended that 
the award be made to a worker for valuable contributions over 
an extended period but not necessarily representative of a 
given year. Membership in the American Institute of Nutri- 
tion is, not a requisite of eligibility for the award. 

To be considered by the Committee of Judges, nominations 
for this award for woiic published in 1947 must be in the 
hands of the Nominating Committee by January 10, 1948. The 
nominations should be accompanied by such data relative to 
the nominee and his research as will facilitate the task of the 
Committee of Judges in its consideration of the nomination. 

K. N. TOlJKf'NTKH 
Uflivorsiiy of Alabama 
Unive rsi Alah a vi a 

Chaikman, Mead Joiinron iVominating COMMii’^rEp. 



SOME OBSERVATIONS ON BEEP CATTLE 
AFFECTED WITH GENERALIZED EDEMA 
OR ANASARCA DUE TO VITAMIN A 
DEFICIENCY 


LOUIW U MAD8KN" AND I. P, EAPLl’: 

WITH THE TECHISriOAL AS>SISTANCE OF K. I>AVISj HAEIIY BASTOOK, 

G. W. THIBS, CHARLES A. CABELL AIS^D H. DEAN RAY 

Anhnal Husbandry Vivision, Bureau of Animal Industry, United 
xStafes Department of AyruniXiurc, Drlisvilh\ Maryland 

OHE FIGURE 

(Rocoivod for publication July 28, 1947) 

Tlie fact that prolonged vdtarain A deficiency in cattle may 
result in edema as characterized by swelling of the legs, 
shoulders and brisket, on the abdomen, in the hindquarters 
and elsewhere has been recognized for some time. This con- 
dition is often referred to as anasarca. Hastings (’41, ’44), 
Cady (’42) and others have more recently called attention, in 
the popular press, to anasarca in fattening cattle apparently 
due to vitamin A deficiency in rations of which the grain con- 
sisted principally of yellow coini. Similar cases have been 
brought to the attention of the Bureau of Animal Industry 
when distillery slop and low-quality roughages have been fed 
to fattening cattle. 

In 1941 our attention (Creech and Madsen, ’42; Mohler, ’42; 
and Madsen, ’42) was called to a condition characterized by 
extensive edema of the subcutaneous adipose tissue and 
musculature of beef carcasses which was encountered by 

* Now Head, Department of Animal HuBbaiidry, ITtnh State Agricultural 
College. 
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Federal meat inspectors at several meat packing- establish- 
ments. In view of the unnsnally large number of cases of 
unrecognized origin (see table 1) the senior author was called 
to the Corn Belt area where a number of these cattle had been 
fed, to determine if a nutritional basis could be established for 
the disease since previous bacteriological studies had been 
entirely negative. 


TABLE 1 

Ucrf careasi^cii condemnrd for anasarca hy months from July, .1041 
to Tyeocmhcr, 1940, inclusive. 


YFAU 



1041 

1R42 

lOia 

1044 

lO'tr) 

iota 

Monthly 

avorajjo 

January 


2 

8 

9 

5 

5 

5 

February 


3 

11 

5 

n 

12 

7 

March 


9 

4 

4 

3 

9 

() 

April 


6 

5 

5 

5 

10 

() 

May 


9 

10 

7 

9 

fi 

8 

June 


5 

35 

9 

11 

5 

9 

July 

8 

12 

18 

18 

13 

10 

72 

August 

18 

n 

20 

3 

9 

8 

10 

September 

40 

f} 

30 

3 

11 

3 

15 

October 

43 

9 

28 

5 

5 

7 

10 

November 

20 

4 

13 

7 

n 

10 

11 

December 

lo 

5 

12 

6 

6 

13 

9 

Yearly total 

139 

75 

169 

81 

90 

97 



The present paper reports statistics on the number of beef 
carcasses condemned for anasarca by the Federal meat in- 
spectors during' the years 1941-1946, and presents data on the 
occurrence, clinical appearance and history of field cases of 
anasarca as they were observed during the field trip to the 
Corn Belt in 1941. It also describes the oxperinrental produc- 
tion of edema in vitamin A-deficient cattle and presents i-e- 
snlts of obsei'vations made on the blood chemistry in botli 
field cases of anasarca and expei-iinentally produced cases of 
Ibis condition. 
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CADCASSES CONDEMNED 

The data given hero on condemned carcasses were fnrnished 
through the courtesy of tlie Meat Inspection Division of the 
Bureau. The records show that 651 carcasses we in condemned 
for anasarca liy Federal meat inspectors from July, 1941 
through December, 1946. Tlie distrilnition of these cases on 
a monthly and yearly basis is given in table 1. Heavy losses 
were encountered in ihe last half of 1941. Fewer cases were 
condemned in 1942 but losses were heavy in 1943. About the 
same number were condemned in 1.945 as in 1.940. It appears 
likely that the years of relatively fev’' numbers of anasarca 
cases are related to the prevailing light or short-time grain 
feeding of steers. From these limiied data it seems that more 
cases appear in the latter half of the year. The.se statistic.s 
do not represent the total loss among slaughter animals due 
to anasarca .since in cases in which the edema is localized the 
carcass may be retained, trimmed us found necessary under 
inspection and released. 

ETETjD CASE.S OF ANAS AEG A 

Statistic.s are not available on the number of cases of 
ana.sarca that develo]i under 2 ‘)ractical conditions. It is ob- 
vious, however, that more ease.s develop than arc condemned 
at .slaughter since some cases recover before slaughter because 
of timely changes in the ration, whereas others may die on 
tlie farm or become severely injured during convulsions while 
in transit. Seven farms having approximately 1200 cattle on 
filed were visited in the Corn Belt area by the senior author 
in comjoany with Dr. John S. Koen and Dr. II, J. Classick, both 
veterinarians of the Bureau of Animal Industry on field 
assignments. Case reports from 2 of these farms are 2^Te- 
sentod to illustrate (1) the development of vitamin A de- 
ficiency associated with anasarca under ordinary feed lot 
conditions and (2) a means of preventing seifious losses by 
simple corrective feeding. 

Oase 1. Mr. Gr. started feeding 41 head of yearling’ Hereford 
steers, obtained from the West, in November, 1940. They were 
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started on feed with corn and foddei’ of the 1040 crop and 
about 1 pound per head per day of a mixture of equal parts 
molasses and alfalfa which was continued until June, 1941. 
When the hot weather came during the latter part of June 
and persisted through July and August the cattle ‘‘went off 
feed,” but no edema was seen by the owner. At this time 
feeding alfalfa hay of the 1940 crop 3 times daily improved the 
appetite of the steers and they were soon brought back to 
full-feed. Early in September oat straw was substituted for 
the alfalfa hay. Straw feeding was continued until early in 
December when Dr. Koen visited the farm and siiggested a 
change in roughage from oat straw to alfalfa on the basis of 
information he had received from the Bureau that anasarca 
may be due to vitamin A deficienc 5 ^ At this time about 30 
animals of the group had swollen legs and enlarged briskets. 
One steer coirld hai'dly walk and 1 animal had recently been 
shipped to Omaha and condemned for anasarca. We visited 
the farm on December 18, 1941, about 2 weeks after alfalfa 
feeding was started, and according to Dr. Koen improvement 
in the cattle was evident. Di'. Koen and Dr. Olassick visited 
this farm again on January 21, 1942, and found so much im- 
provement in the cattle that little or no edema could he ob- 
served, All of the cattle were sold about 1 week later, or 
approximately 8 weeks after alfalfa feeding was started, Avith- 
out evidence of anasarca. 

Case 2. On this farm 135 yearling steers were started on 
feed in October, 1940. The animals were turned into a corn 
field where they had access to corn stalks and some hlue-grass 
until January, 1941. At this time they were taken np to the 
feed lot and given Atlas sorghum silage at about 30 pounds 
per head daily and all the ground yellow corn (1940 crop) 
they would clean up. A small amount of soybean hay was also 
given mitil the supiily Avas used, about June 1, 1941. At this 
time feeding of oat bay Avas started and corAi silage was fed 
until August. After all the silage had been consumed, oat hay 
Avas continued as the only roughage. On November 6, 1941, 
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20 of tile steers were shipped to Omaha, and of this gToup 1 
was condemned for anasarca. A few more animals were sent 
to Chicago about the middle of November and 1 of these was 
also condemned for anasarca. Another steer became very 
lame and a veterinarian advised that the animal had probably 
sprained its leg, and that the steer should be killed and used 
for food. The steer was butchered but the carcass was declared 
unfit for food owing to generalized edema. 

A¥hen we visited the farm on December 19, 1941, several 
animals showed marked symptoms of vitamin A deficiency. 
One animal was blind and had swollen legs and brisket. This 
animal was down and died the following day. Two other 
steers were also markedly affected, 1 was blind and another 
had severe edema of the legs, brisket and shoulders. 

Twelve days previous to our visit Dr. Koen had seen these 
cattle and suggested feeding alfalfa as in case 1. This had 
resulted in a marked improvement in appetite and general 
appcai’ance of the steers. The foreman commented that the 
cattle could get up and go to the feed bunks with greater ease 
since they had been receiving alfalfa, and that the lameness 
which had been previously noted had now practically dis- 
appeared. The foreman also characterized as “fish-eyes” the 
peculiar protruding eyes of several of the cattle, a condition 
which is typical of vitamin A-deficiency blindness. 

The findings presented in these 2 cases were typical of con- 
ditions noted on other farms where oases of anasarca were 
seen. In some instances other symptoms of vitamin A de- 
ficiency such as diarrhea, constipation, nightblindness, stiff 
gait and convulsions were prominent. In 1 instance impaired 
vision in the cattle was not suspected until difficulty was en- 
countered in loading the cattle on a truck. On this farm the 
vision of an apparently blind steer improved remarkably 
after alfalfa hay had been added to the ration in place of oat 
hay. In some feed lots anasarca developed in cattle fed 
stored corn, but in these cases a low-carotene roughage was 
also used. 
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BXPEE-TMENTAE OASES OP ANASAEOA 

ISxpeiiinGTital easos of anasarca wero produced by feeding 
either a carotene-deficient ration (diet 1) or one containing 
a large amount of yellow corn (diet 2), the roughage in hotli 
cases being supplied by oat straw. The concentrate portion of 
diet 1 had the following percentage composition : dried beet 
pulp, 45 ; cracked white corn, 40 ; linseed meal, 7 ; soybean 
meal, 7; steamed honemeal, 0.5; and salt, 0.5. The concen- 
trate portion of diet 2 consisted, in per cent, of cracked yellow 
corn, 80 ; dried beet pulp, 8.5 ; linseed meal, 10 ; steamed bone- 
meal, 1; and salt, 0.5. Vitamin A-deficiency edcmia was laaidily 
]iroduced when cattle were restricted to either of these rations 
for several inonths. Tu a number of instances, aftt'r the ap- 
piearanco of anasarca, the diet was supplemented Avith 1 of 
seA'eral sources of carotene and vitamin A such as alfalfa leaf 
meal, carotene conceivtrate, crystalline carotene, cod-liver oil 
and distilled vitamin A concentrate in natural (>Rtm- form. In 
all such cases, anasarca, as Avell as othei’ syupitoms of vita- 
min A deficiency except permanent blindness, aauis entirely 
relieved with the treatment. 

A complete history is given for only 1 case (steer 411) in 
Avhieli the course of depletion aiicl the development of clefici- 
eucy symptoms were quite characteristic of all the other ca.ses. 
Since a significant part of the story is helieAmd to he told by 
the results of the blood analyses Avhich were made cat approxi- 
mately monthly intervals on a number of these edema ea.sos, 
these data are included in the. history, although the general 
subject of blood analyses in these cattle is trealed in a later 
section of this f)aj)er. 

Steer 411 on Avhicli the ease history of experimental edema 
is l)aaecl was fed individually on diet 2 (80% yellow corn). 
This animal was a purebred Shorthorn approximately 7 
months old Aveighing 613 pounds at the beginning of Iho ex- 
Vieriment. Feed consumplion, live-AAunght gain, logelhei- Avilii 
the appearance of progressive symptoms of eonAudsioiis, 
diarrhea, blindness and edema are indicated in taldo 2 .nud 
illustrated in figure 1. Atleution is called to the fact that 



TABLE 2 

Summari/ of observations on steer no. 411 while rcceivinrf an S0% yellow corn grain ration. 
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there was an increase in grain consumed up to tire three 
hundredth day, but that feed consumption and rate of gain 
decreased after this time. No blood analyses were made after 
the three hundred and twenty-eighth day. Typical changes in 
the plasma protein fractions Avere obsexwed at about the same 
time that edema appeared. Plasma carotene, vitamin A and 
















Fig. 1 Those photographs illustrate symptoms of vitamin A deficiency in 
steer 411 after 309 days on diet 2. A, The steer is blind and has a rotigli, dry 
hair coat, but has made fairly good gains in weight. B, The hind legs are 
swollen due to edema. C. Eapid respiration was common and even x'>^iiding occurred 
on slight exertion in hot weather. Note slobbering. B. Gonvulsiona occurred 
frequently. The head is drawn back typically. Note loft horn fracture (0) re- 
ceived during px*evious convulsions. 
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vitamin C decreased in the usual manner, but there were minor 
fluctuations in those during the experiment. Serum calcium, 
inorganic phosphorus and phosphatase activity tended to de- 
crease but the changes were not marked until after about the 
three hundredth day at which time the food intake also 
decreased. 

The highest average grain consumption for steer 411 was 
recorded for the period between the two hundred and eighty- 
ninth and three hundredth days. An average of 17.9 pounds of 
grain mixture or 14.3 pounds of yellow corn was eaten daily 
at this time. On analysis the corn was found to contain 2.1 |.ig 
of crude carotene per gram and on biological assay with rats 
a value of 1.6 International ITnits (I.U.) of vitamin A per 
gram was obtained. At the above level of yellow corn con- 
sumption, and using the assay figures just mentioned, the 
steer received 13.6 mg of crude carotene daily, or 10,378 I.F. 
of vitamin A. This amount of carotene from yellow corn was 
insufficient to alter the course of vitamin A depletion. Feed 
consumption declined, edema increased and the animal died 
in convulsion on the three hundred and forty-third day of the 
experiment. Another steer on the same ration died in con- 
vulsion on the two hundred and forty-ninth day of the experi- 
ment. In this case edema appeared about the two hundred and 
thirteenth day, and some impairment of day vision was evi- 
dent before death. 

These findings add further evidence to the field observations 
that vitamin A-deficiency sjuiiptoms together with edema de- 
velop in fattening cattle when their ration is made up of 
yelloAV corn, a protein supplement and a low-carotene 
roughage. 

BLOOD ANALYSES 

Before attention was directed to the field cases of anasarca 
occurring in the Corn Belt, some data were already available 
on the composition of blood from a number of experimental 
animals both under conditions of apparently normal health 
and also at various stages of vitamin A deficiency which de- 
veloped during prolonged u.se of diet 1. These data seemed 
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fo indicate that there were certain characteristic changes in 
the composition of the blood, particularly with respect to the 
protein fractions, approximately coincident with the develop- 
ment of edema in these vitamin A-deficient animals. Analyses 
of blood obtained from some field cases of anasarca were 
undertaken primarily for the purpose of further characteriza- 
tion of the general physiological condition of the animals and 
also for the further identification of this condition with the 
edema oecturring in the experimental animals depleted of vita- 
min A. Results of analyses of blood from the field cases 
seemed to indicate that changes had occurred here similar to 
those in the experimental edematous animals. In view of tlie 
feeding' practices under which the anasarca cases observed had 
developed in the Corn Belt, blood studies were also made on 
animals which were fed diet 2 containing 80% yellow corn. 

Blood samples for analysis were drawn from a jugular vein. 
For the preparation of plasma samples, exactly 30 mg of 
neutral potassium oxalate were used as anticoagulant for each 
10ml of blood. Plasma proteins wmre fractioned by Howe’s 
( ’21) micro-method with the variation later recommended by 
him (’23) that 0.75 molar sodium sulfate be used for the 
precipitation of fibrinogen in plasma instead of calcium 
chloride. All nitrogen determinations were made on aliquots 
of the filtrates by a micro-Kjeldahl method. The spectro- 
photometric method previously described by Madsen and 
Davis (’38) and Davis and Madsen (’41) was used for deter- 
mination of plasma carotene and vitamin A. Plasma vitamin 
C was determined by the method of Mindlin and Butler (’38). 
Serum calcium was determined by the Clark-Collip modifica- 
tion of the Kramer-Tisdall method as described by Hawk and 
Bergeim (’37) ; serum magnesium was precipitated according 
to the method used by Godden (’37) and determined as 
phosphorus by the method of Bodansky (’32). Bodansky’s 
(’33) methods were also used for the determination of sei'um 
inorganic phosphorus and serum phosphatase activity. 
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E^BSXTLTS 

T]vo results of analyses on cases of experimental edema pro- 
duced in 7 beef animals have been averaged and paired "with 
the average of oliservations made on these same animals when 
they were normal. The averages are presented in table 3 
together with the average results of blood analyses made on 
5 field cases of anasarca. 

It is obvious from the figures presented in table 3 that the 
plasma protein fractions in the experimental animals with 
edema differ significantly from those in the same animals 

TABLE 3 

*Summarif of I'esiilis of hlood m<ihfses from field and e.xperimenial 
rafirs of a7Msarc<i and nornud 'beef animahs. 


BXpE'TlilMENTAXi OA8P!S 


OONKTITUEKTS 

OV 5 

l-'IELD 
OASES OF 
AKARAIM3A 

Averages 
of 7 
"with 
edema 

Average a 
of 7 
when 
normal 

Calculated 
odds ' — 
edematous 
vs. normal ^ 

Nitrogen fractions in plasma: 

Total xdasma nitrogen, gm/100 ml 

1.263 

1.150 

1.076 

104 

Non-protein nitrogen, gm/100 ml 

0.038 

0*036 

0.037 


Fibrinogen nitrogen, gm/100 ml 

0.161 

0.150 

0.061 

3 91 

Euglobulin nitrogen, gm/100 ml 

0.166 

0.180 

0.136 

51 

Fsendoglobulin nitrogen, gm/100 ml 

0,404 

0.384 

0,318 

1999 

Total globulin nitrogen, gm/100 nil 

O.Sll 

0.714 

0,525 

249.0 

(including fibrinogen) 

Albumin nitrogen, gm/100 ml 

0.414 

0*400 

0.524 

587 

A/<1 1 'atio 

0*61 

0.56 

1,02 


Vitamins in plasma ; 

Carotene, Mg/100 ml 

:n 

21 

67 

26 

Vitamin A, Mg/100 ml 

s 

7 

23 

0999 

Vitamin C, ing/100 ml 


0.25 - 

0.37“ 

13 

Constituents in serum ; 

Calcium, mg/100 ml 


10.01 

11.00 

160 

Magnesium, mg/100 ml 


2.63 

2.72 


Inorganic phosphorus, mg/100 ml 


5.60 

6.74 

40 

Phosphatase activity 
(Bodansky units) 


2.28 

4.24 

232 


* Student's method used for estimaling significance between means of paired 
observations in experimental cases of anasarca and corresponding normal control 
values* 

^ Average for only 4 animals, 
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wlion uoruui]. Attention is called to tlie increases in fibrinogen 
and total globulin and to llie decrease in albumin in tlie ani- 
mals with edema. 

Low values for plasma carotene and vitamin A were ob- 
served in all cases of anasarca. Calculated odds for estimating 
the significance of difference.s in the pair.s of average values 
for plasma carotene and for vitamin A were greater for vita- 
min A tban for carotene. This may be explained by Ibe uni- 
formly low values for vitamin A and carotene in all eases 
of anasarca as contrasted with miifornily high values for 
vitamin A and high, but variable, values for carotene in normal 
animals. The carotene intake of the normal cattle was not 
standardized, but in all cases was above a deficiency level. 
In the field cases of anasarca the average blood carohme and 
vitamin A were liigber than in the experimental cases, a con- 
dition whicli is probably due to the fact that alfalfa bay feed- 
ing bad already been started in some of those animals when 
blood samples were taken. 

Average content of vitamin C in plasma was found to bo 
lower while edema was present than when it was absent in 
the same animals. The sig’nifieance of the difference in the 
2 averages is shown hy the calculated odds not to be great, 
howevei', probably because data for this comparison were 
available from only 4 pairs of ohseiwation.s and because the 
degree of vitamin A deficiency was not the same in all the 
animals when the observations were made. In the 4 cases 
observed there was always a decrease in plasma vitamin 0 
as the deficiency of vitamin A progressed hut the drop was 
not uniform in. all cases. This decrease in plasma vKamin C 
in cases of vitamin A deficiency was first demonstrated by 
Phillips and coworkers (MB). 

"While sei'um calcium, magae.sium and inoi’ganic pliosphoriis 
tended to decrease slightly from the hwels observed when the 
same animals were normal, the values still remained well 
within the normal range. There was, however, a decrease 
from normal in phosphatase activity of the serum in all cases 
of experimental anasarca studied. 
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DISCUSSION 

Losses due to anasarca associated with vitamin A deficiency 
are economically important. Nevertheless they can he pre- 
vented hy proper feedin«'. Supplyinji' fattejiing' cattle with a 
small amount of well-cured alfalfa hay successfully avoided 
sei’ious losses in 2 instances cited. Any other wcll-cnred hay 
having' a good green color, well-made silage, g-reen pasture or 
a mai'ine oil such as cod-liver oil would no doubt have ac- 
complished the same purpose. The prevention of anasarca 
or of other symptoms of vitamin A deficiency hy the use of 
proper feeds does not necessarily discourage the highly 
economical practice of feeding low-carotene roughages such 
as ordinary cereal hay, straw and corn stover, etc. When 
these roughages are used, hoAvever, it is necessary to supply 
a supplementaiy ration of well-cured green hay to avoid 
possible vitamin A depletion in the latter part of the feeding 
period. 

Opinions have been expressed in the literature and have 
been prevalent among some cattle feeders that anasarca is 
caused by feeding stored corn. In both field and experiineiital 
cases of anasarca presented in this paper, hoAvever, yellmv 
corn of the current season’s crop failed to prevent the de- 
velopment of eitlier anasarca or other synniitoms of vitamin A 
deficiency. This observation confirms the re])ort by Hastings 
(’44). The real error in practical feeding appears to he not 
in the use of old corn but in the exclusive use of low-carotene 
roughages such as oat. hay and straiv and the faihu'e to sup- 
])lement these low-carotene roughages with gi'een hay less 
than 1 year of age. Average yolloiv corn usually contains no 
more and often less carotene than a lorv grade hay. Corn 
should not be depended upon to supply enough carotene to 
satisfy the vitamin A needs of cattle. 

The clinical .symptoms and blood findings presented suggest 
that the field cases and experimental eases of anasarca prob- 
ably arose from tbe same condition. All cases of anasarca 
observed evidenced Ioav levels of blood carotene and vitamin 
A and, in addition, showed the same changes in hlood protein 
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fractions. These changes consisted essentially of an increased 
level of total globulins, due principally to increased fibrinogen 
and, to a lesser degree, to increases in the euglol)ulin and 
pseudogiobulin fractions. At the .same time there was a 
definite, although not in every case large, decrease in plasma 
albumin. The total protein was usually slightly elevated when 
edema was present. 

The relation of the altered protein picture to vitamin A 
deficiency is not apparent. Increases in fibrinogen in condi- 
tions in which destruction and inflammation of tissues occur 
and increases in other globulin fractions, either with or with- 
out increased fibrinogen, in cases of chronic infections, are 
usually accompanied by some reduction in albumin concen- 
tration, an effect presumably secondary to the increase in 
globulin. Since a reduction in blood albumin is a ]irimary 
factor in some types of edema, the question arises as to the 
I'elation between the lowered albumin and the development of 
edema in these cattle. The concept of an increased tendency 
toward transudation and accumulation of fluhl in the inter- 
stitial tissues with a lowering of the plasma colloid osmotic 
pressure is a familiar one. In this relation, the concentration 
of albumin is of greater significance than that of glolmlins, 
.since the albumin exerts about 2.4 times as great an osmotic 
pressure as the globulins. It is estimated that at the so-called 
critical levels for albumin nitrogen and for total plasma nitro- 
gen in the human (i.e., levels below which edema usually ajr- 
pears), the plasma colloid o.smotic pressure is reduced to 
roughly two-thirds of the normal level (Moore and Van 
Slyke, ’30). 

If it is assumed that approximately similar relative levels 
for albumin and for total protein are critical for cattle, if 
becomes apparent that the average reduction in allnnnin ob- 
served in the anasarca animals is not groat enough to necouni 
for the appearance of edema, especially in vieAv of llio increase' 
in total protein. Values for colloid o.smotic pressure calcu- 
lated by application of the formula of Wells, Yonmans and 
l\Iiller (’33) to data obtained on concentration of proteins in 
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serum of these animals (impublislied data), also suggest that 
increases in globulins are great enougii to compensate in larg-e 
measure for the I’eduetion in albumin. It is believed, therefore, 
that the occurrence of edema in these animals is not entirely 
related to a lowering of the colloid osmotic pressure of the 
plasma brought about by a lowering of the albumin concen- 
tration. 

SUMMARY 

Statistics arc presented showing that 651 beef carcasses 
were condemned for generalisied edema or anasarca by Fed- 
eral meat inspectors during the period of July, 1941 to 
December, 1946, inclusive, Other sjnnptoms of vitamin A. de- 
ficiency were found to be prevalent among cattle wnth anasarca 
in the Corn Belt area. This edematous condition was observed 
to occur in cattle after a long fattening period in dry lot when 
fed either stored or new corn in combination with a roughage 
of low carotene content such as oat bav or straw. Alfalfa 
hay Avas highly effective in curing the condition. It is con- 
cluded, therefore, that the major dietary error in the pro- 
duction of this deficiency disease is the exclusive use of low- 
carotene roughages throughout the feeding period rather than 
the use of old yellow corn. 

Cases of anasarca wore readily produced experimentally by 
feeding a carotene-deficient I’ation or a grain ration contain- 
ing 80% of new-erop yellow corn together Avith oat straAV as 
roughage. 

Eesults of blood studies made on field and experimental 
cases of anasarca pi-oduced by vitamin A defieieucA’' indicate 
a marked similarity in the 2 conditions. Affected animals 
showed: (1) deficiency levels of blood plasma Autamin A and 
carotene and a decrease in plasma Autamin C as the A'itamin A 
deficiency progressed, (2) an increase in total plasma globulin 
due usually to a marked increase in plasma fibrinogen Avith 
smaller increases in the other globulin fractions, (3) a de- 
crease in plasma albumin, and (4) an increase in total plasma 
nitrogen. 
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I'u tlie sevpim of ai'fectecl cattle, ealcium and inorg-aiiic 
jjliospliorus decreased slightly: phosphatase activity was re- 
duced while magnesium was relatively unchanged. 

It is pointed out that the edema of vitamin A deficiency in 
cattle appears not to be entirely related to a lowered colloid 
osmotic pressure of the plasma through reduction in the al- 
bumin, since the increases in other protein fractions are esti- 
mated to compensate largelj^ in this respect for the decrease 
in albumin. 
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The deficiency syndrome in turkey poults, caused by a lack 
of vitamin Bp, now known to be a form of pteroylgiutamic acid, 
was first described by Eiebardson, Hogan and Kempster 
(’45). Growth failure, cervical paralysis, and lowered red 
cell volume were the principal deficiency signs. Folic acid 
(pteroylgiutamic acid) deficiency in turkey poults has more 
recently been dosci’ibed by Jukes and associates (’47). 

The present paper is concerned with the determination of 
the folic acid level neces.sary for full growth, normal hemo- 
globin production and normal feathering of the turkey poult 
fed purified diet.s which differ in their protein content. 

EXPEUTMENTAL 

One hundred and two turkey poults which had been fed a 
starting mash for the first 8 days of life, were distributed 
in 11 groups according to weight and color type, so that each 
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group couiaiiied 10 birds, except tluit groups M and 9, wliicli 
received no folic acid, were allotted only 6 ])oults (‘uch. The 
4 color types wliicli comprised the hatch wei’e distributed 
so that each group contained 5 or 6 poults of the ders('y buff 
color type and 1 or 2 each of the bhu-k, barred, or white types, 
1,0 make a total of 10. 

The 2 purified diets differed in their c‘ontcnts of ca.sein, 
gelatin and starch but contained the same <iuantities in grams 
per 100 gm of diet, of the following ingredients: sucrose, 10; 
coiai oil, 10; mineral salts’’, 5; ('allPO).,, 2.0; t*a 0.4; cod 
liver oil (2,000 U.S.P. units of vitamin A and 400 A.O.A.C. 
units of vitamin D i)Cr gram), 0.7 ; choline chloride 0.2 ; inositol, 
0.1; and para-aminobcnzoic acid, 0.1. The following quan- 
tities of additional vitamins were ])rovided per 100 gm of 
diet: thiamine, 1 mg; pyridoxino, 1 mg; riboflavin, 2 mg; 
calcium pantothenate, 2 mg; nicotinic acid, 5 mg; 2-mcthyl-l, 
4 naphthoquinone, 2.5 mg; mixed toco])herols, 2.5 mg; and bio- 
tin, 10 gg. 

In an earlier experiment, poults which consumed a purified 
diet in Avhicb 43% protein was supplied by casein (37%) and 
gelatin (10.6%) grow better than those on a starting mash, 
made of commonly used ingredients, containing 25% protein. 
For the present experiment tho.se same diets were used, and 
in addition a purified diet containing 25% protein supplied 
by casein and gelatin, in the same ratio as that used for the 
diet containing 43% protein, so that a comparison camld be 
made of the results, at the same protein level, on the ])urified 
diet and on the starting mash. 

Diet A (25% ]jrotein) wa.s prepared by adding 21.4 gm of 
casein (alcohol extracted), 6.1 gm of gelatin, and 44 gm of 
starch to the above ingredients to make 100 gm. 

“The salt mixture, devised by A. G. Hogan (peraonal eoniinuiiii-ation), had the 
following composition and was modified only by doubling the (piantity of man- 
ganese. The cpiantities are expressed in grams. CaOOs, 267; CallPO, • 2H»0, 416; 
MgCOj, 2.5; MgSOj • 7H„0, 30; NaCl, 127; KOI, 21 ; PuPO, • 4H,.0, 20; KH-d'O,, 
315; MnSO, • IIKO, 00; CuSO, ■ 5H.O, l.(!; AL (ROP • KjHO, • 24IgO, 0.24; KI, 
0.6; CoCTo • (IHsO, 0.00; ZnSO, • 7H-0, 0.0.0; and NaP, 1.0. 
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Diet B (43% protein) was })i-cpared in tlie same manner 
by tlie addition of 36.7 gm of casein (alcohol extracted), 10.5 
gm of gelatin, and 24.3 gm of starch. 

Diet D (25% protein) was an oyien fornmla, commercial 
.starting mash of the following percentage composition : wheat 
bran, 8; wheat standard middlings, 7 ; eruslicd wheat, II; yel- 
low corn meal, 15.5 ; low fiber oats, 7 ; alfalfa meal, 7.5 ; soybean 
oil meal (41%.), 24; meat scrap (55%' protein), 4; fish meal, 
4; brewers’ yeast, 3; riboflavin supplement, 0.4; dried whey, 
5 ; ground limestone, 2 ; diealciinn pho.sphate, 1 ; iodized salt, 
0.5; and “D” activated animal sterol, 0.1. Manganese sulfate 
was included in the ration so that each 100 gm contained 0.018 
gm. Dried whey was fortified with riboflavin to contain a 
minimum of 5 mg per 100 gm. The D-activated animal sterol 
provided 200 A.O.A.C. chick units of vitamin D per 100 gm of 
ration. 

Synthetic folic acid was added as an alcoholic, buffered sol- 
ution eontahiing 0.5 mg per ml, at the feeding’ levels shown in 
the tables. 

RESULTS AND DISC'US.STON 

Gromtli 

After 40 days (48 days of age) and after 56 days (64 days 
of age) on experiment, the poult, s receiving 43% protein, diet 
B, were significantly heavier than those on diet A, containing 
25% protein, at all levels of folic acid supplementation (table 
1). For each protein level, the w^oights at 40 days showed 
a tendency to be greater as the quantity of folic acid in the 
ration was increased, except that go'oups 14 and 17 shoxved 
lower body weights than those of the group.s receiving the next 
lowest level of folic acid. At this time the poult.s fed the 
starting mash, group 18, weighed less even than those on diet B 
with 0.5 mg of folic acid. 

After 56 days on experiment, too few birds remained in 
groups 10, 11 and 13 to permit their inclusion in a comparison 
of body weights. Those consuming diet B and 1.5 and 2.0 mg 
of folic acid per kg of feed were significantly heavier than 
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tlioso on ilie corresponding- levels of folic acid and being fed 
diet A (25% protein). This difference was undoubtedly due 
to the difference in protein levels. At this time, the poults 
fed diet C (starting mash) were .slightly but not signifleaiitly 
heavier than the group on diet B and a 2.0 mg level of folic 
acid. Actually, only 2 poults on the starting mash were heavier 
than those receiving diet B. 

TABLE 1 



Growth of turlcei/ poults 

on graded Irvehs of folic acid. 

(JROXIP 

POLIO 

INITIAL 

WEIGHT, 40 DAYS OP 

WEIGHT, 56 DAYS OP 

NO. 

ACID 

WEIGHT 

EXPEIIIAIENT: 48 DAYS 

EXPERIMENT ; 64 DAYS 



8 DATS 

OP AGE 

OP AOK 



ffm 

am 

pm 



Piet A. 

25% protein 


8 

0,0 

68 ( 6)' 

. . ( 0) 

■ ( 0) 

10 

0,5 

74 (10) 

418 ( 8) 

(■190)“ (]) 

12 

1.0 

74 (10) 

440 (10) 

608 (10) 

14 

1.5 

72 (10) 

422 (10) 

64.8 (10) 

16 

2.0 

74 (10) 

469 (10) 

682 (10) 



Piet B. 

43% protein 


9 

0.0 ' 

71 ( 6) 

. . ( 0) 

( 0) 

11 

0.5 

74 (10) 

579 ( 6) 

(600) ( 1) 

13 

1.0 

71 (10) 

659 ( 7) 

(648) ( 4) 

15 

1.5 

72 (10) 

725 ( 8) 

918 ( 8) 

17 

2.0 

73 (10) 

684 ( 8) 

974 ( 7) 


Piet G. 25% protein in starting mash 



Starting 




18 

mash 

74 (10) 

562 ( 9) 

1017 ( 9) 

^ Poults 

per group. 





“Insufficient number of poults for comparison. 


^ The greater gains noted, after 40 days on the e.vpoi-imental 
diet in the case of all of the groups fed 43% protein and folic 
acid supplements, in contrast with the gain on the starting 
mash,^ may have been due to the fact that the pattern and 
quantity of amino acids presented by the casein and gelatin 
of diet B met more adequately the requirements for early 
rapid growth than did the ingredients of diet C, the starting- 
mash. At 56 days these requirements may have been less, 
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or the folic acid supplements, except for the 2,0 ing level, may 
liave been inadequate for the heavier birds. 

Cervical paralysis 

Observations of the development and incidence of cervical 
paralysis are shown in table 2. Paralysis occurred in all groups 


TABLE 2 

Development of cervical paralysis and Quortalitii in iarlcey poults. 



INITIAL 
NO. OF 
lURDf? 


AVKIMCrE 

NO. PAYS 

PAYS 

AYEnAOE 

NO. 

PAYS 

TO 

DEATH 


MORTALITY 

JliOXJP 

NO* 

FOLIO 

ACID 

DAYS 

TO 

I* ARAL' 
YBIR 

TO 

FIRST 

f’ASL 

TO 

LAST 

CASE 

Cervicnl 

paralysis 

PO. 


Other causes 



wo/l:o 












Piet A. 

25% protein 




8 

6 

0.0 

37 

36 

37 

38 

5 

1 

nonpathological 

10 

10 

0.5 

44 

33 

56 

45 

9 

1 

nonpathological 

12 

10 

1.0 

02 

50 

64 

63 

7 



14 

10 

1.5 

50 

50 

59 

02 


1 

1 

nonpathological 

perosis 

16 

10 

2.0 

0 

0 

0 

0 

0 

o 

nonpathological 





Diet B. 

43% protein 




0 

c 

0.0 

27 

21 

30 

20 

6 



11 

10 

0.5 

41 

32 

56 

43 

10 



13 

10 

1.0 

50 

34 

55 

51 

5 

1 

2 

nonpathological 

porosis 

15 

10 

1.5 

52 

54 

68 

53 

A 

0 

1 

nonpathological 

perosis 

17 

10 

2.0 

0 

0 

0 

0 

U 

o 

nonpathological 



Biet C. 

25% prateiii in 

starting mash 



18 

10 

Startiug 

mash 

0 

0 

0 

0 

0 

1 

nonpathological 


on the purified diet at both protein levels, except in those which 
received 2.0 mg of folic acid, the incidence decreasing witli 
an increase in the folic acid level. 

On diet A (25% protein), without folic acid, 5 of the 6 poults 
in the group died following the onset of ceiwfical paralysis and 
the other member died of a nonpathological cause 2 days 
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after tlie «tai-t of tbe experiment. In tkis group tlie first 
case of paralysis was noted 36 days after the start of tlie 
experiment and all 5 poults that developed paralysis were 
dead by the thirty-eighth day. Among the poults of group 9, 
consuming diet B (43% protein) without a folic acid supple- 
ment, the first case appeared after 21 days of experiment and 
the last after 30 days, the average number of days to deatli 
being 29. The 6 poults of this g’i-o;ip all died of cervical 
paralysis. It is noteworthy that on the protein level, 
paralysis appeared 15 days earlier and the average number 
of days until death was 9 less than that for the group con- 
suming diet A (25% protein). This difference in the omset of 
paralysis may be due to the more rapid growth at the higher 
protein level. 

On both protein levels, when the folic acid su])plied was 
0.5 mg, all of the birds died of (*ervieal paralysis except 1 
on diet A Avhich died of a non-pathological cause 12 days 
before the first case of paralysis occurred. In thes(i groups 
and in those receiving 1.0 and 1.5 mg of folic acid paralysis 
appeared earlier and the average number of days to death was 
less at the 43% protein level than at the 25% level. 

Although at the 1.5 mg level of folic acid, 2 cases of cervical 
paralysis appeared in the group which received tliot A (25% 
protein) and 4 in the group fed diet B (43% ])rotein), an 
increase of the folic acid supplement by 0.5 mg per kg of 
feed, so that the supplement was 2.0 mg, gave complete 
protection against the development of paralysis. No ca.ses of 
paralysis appeared on diet 0, the starting mash. 

Featlierhif/ 

Throughout the experiment the featheriiig of all ])oidt.s, 
except those receiving 2.0 mg of folic acid and diet B (43%, 
protein), was subnormal as compared with that of the poults 
on the starting mash. The feathering depaided from the nor- 
mal in that breast feathers did not fit the body, and the tail 
feathers were sparse and broken. The Aving foather.s were 



FOLIO ACID FOH TUllKEY POrLTS 


627 


rag'g'ed and broken and did not lie close to the body. The 
foatbcring of ponlts on diet B (43% protein) and 2.0 mg 
of folic acid was indistinguishable from that of poults fed the 
starting mash, except that a few individuals showed some 
broken feathers which may have been due to cage damage 
and a tendency for the wings to droop. The light tan color 
of the Jersey buff poults was true to type for all groups 



I 25 y. PR, 1,5 MG. FA, 43 “/. PR, 1.5 MG, FA, 

] Fefitlioring of poults in rolation tn protein (PK.) ami folic acid (If A,) 
levels, per kg of ration. 


except those which received 43% protein and 2.0 mg of folic 
acid, in which case the color was definitely darker. The darker 
hrown color of the phunage was also noted to an even more 
mai’ked degree in an earlier experiment. 

Wing and tail feathers of typichl subjects after 56 days 
on experiment arc shown in figures 1 and 2. IJsing the feath- 
ering of the poults fed the starting mash as normal, it is 
apparent that only for the ponlts on the purified diet B, which 
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provided 43% protein and 2.0 nig- of folic acid, was tlie wing 
and tail feathering the same as that of the poults considered 
to he normal. 



43 “/. PR. 2.0 MG, FA. 25 % PR. SI MASH 

Fig. 2 Feathering of ponlts in relation to lorotein (PR,.) aiui folie acid (FA.) 


levels, per leg of ration and a commercial turkey starting inasli (ST.IvrASH). 


Hematology 

Hemoglobin values were obtained from sami)les drawn from 
the heart at intervals and as soon as signs of cer-vical paralysis 
appeared, the method of Schultze and Elvehjem ( ’34) being- 
used. Readings wore made with a Pfaltz and Bauer photo- 
electric colorimeter and values ])er gram of Jiomoglohiu per 
100 ml blood were obtained from a standard curve for which 
dilutions of an acid hematin standard solution were used. 
The readings were all taken with the dia]')hragm at 10 and us- 
ing a 5200-5300 A filter. In table 3 are listed the group aver- 
ages of the hemoglobin determinations. The group receiving 
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tlie turkey starting mask kas keen taken as noinnal in con- 
sidering tke relative kemogiokin values. 

It is evident tkat tlie kemogiokin values of tke blood do 
not increase in direct proportion to tke folic acid content 
of tke feed. For none of tke poults wkiek survived 72 days 
of experiment on tke purified ration at the 25% protein level, 
was tke kemogiokin value as kigk as tkat obtained, at tke 
corresponding folic acid level, when 43% protein was fed, 
indicating tkat tke quantity of protein in the ration influences 
tke kemogiokin content of tke blood. On the purified ration 
containing 43% protein, only the group which received 2.0 mg 

T.\.ELE 3 


Keinoglo'bin values far tur'key iioults at vanous levels of foUc acid supplementation. 


(jRotrp 

NO. 

I'OWO ACrD 

I'ltUTKlN 

.tVKRAGK Hb OF POUIiTS 
WHICH DKVEIjOPEH 
PARALYSIS 

AVERiVOE Hb OF 
SURVIVORS 
(72 PAYS) 


«2,v/Ar/7 

^0 

pm/ too ml 

pm/ too ml 

8 

0.0 

25 

6.7 


10 

0.5 

25 

6,6 


12 

3.0 

25 

7.3 

9.8 

14 

3.5 

25 

6.1 

8,8 

36 

2.0 

25 


10.5 

0 

0.0 

43 

6.9 


11 

0.5 

43 

5.7 


i;i 

1.0 

43 

6.4 

12.3 

35 

3.5 

43 

6.2 

11.6 

17 

2.0 

43 


12.7 

18 

Rtarting 

mash 

25 


13.0 


of folic acid had a kemogiokin value essentially of tke same 
order as tkat shown by the poults on tke starting mask. Tke 
values for the blood of tke paralytics, however, are essen- 
tially tke same at both protein levels except that some lower 
values occurred in tke groups on 43% protein. Jukes et al. 
(’47), on tke other hand, have reported a hemoglobin level 
of 10 gm at 4 weeks on a diet containing approximately 25% 
protein. 

General appearance 

Frequent examination of the eyes, tke skin of tlie feet, and 
the head did not reveal any abnormalities. Except for 4 cases 
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of perosis tlae posture of the birds was normal, of tJu? 
bird.s on the purified diet had pendulous crops in an earlier 
exyierimeut, but only a few cases w'ere observed in the present 
trial. 


GENEKAL mSCUSSIQiSr 

It is evident that, of the 3 percentages of protein u.sed in the 
purified diets, 25% and 43%, the higher at each folic acid level 
promoted better growth and feather formation and higher 
hemoglobin. Luckey and coworkers ( ’46) have concluded 
that for the chick a definite requirement for folic acid cannot 
be established because the response to a given quantity de- 
pends upon the type of ration itsed. The diet used by these 
investigators, which approached most closely the composition 
of purified diet A (25% protein) of the present experhnent, 
].)ronioted at 4 weeks of age, when the folic acid level w’as 

1.0 mg per kilo, growth and hemoglobin formation inferior 
to that noted when corn meal replaced starch and contributed 
part of the protein, and 0.5 mg of folic acid was supplied per 
kilogram. The coi'ii meal diet used by these inve.stigators is 
the closest approach to the starting mash used in our experi- 
ment. These workers reported normal feathering in the chick 
Avhen a purified type of diet Avas fed containing approximately 
25% protein (by calculation) from casein and gelatin, and 
0.5 mg of folic acid per kilogram of diet. ‘Wlien the i)rotein 
of the diet, approximately 40% (by calculation) Avas supplied 
by casein only, subnormal feathering Avas obtained even AA^hen 

3.0 mg of folic acid per kilogram of diet aagas proAuded. These 
observations and the difference in the feathering of poults 
at 2 protein levels in the present experiment suggest that, 
as long as other requirements are met by knoAvn factors, it 
may bo the quantity of amino acids essential for feathering, 
that is responsible for normal feathering rather than a 
specific feathering factor. 

Eobertson et al. ( ’46) report that for the chick, at 6 AAmeks 
of age, approximately 0.25 mg of folic acid per kilogram of diet 
is necessary for survival; 0.45 mg for groAvth; 0.35 mg for 
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liemog-lobin formation and not less than 0.55 mg for feather- 
ing. The diet used by these investigators was of the purified 
type, containing- 30% protein (by calculation) plus a factor 
S concentrate equivalent to 5% yeast. The turkey poult, ac- 
cording to the results reported in the present paper, requires 
at least 4 times the quantity of folic acid for tlie several 
functions listed as does the chick. The higher requirement is 
in agreement with the generally accepted observation that the 
turkey poult has a greater need for certain nutrients as coni- 
jjared with the chick. 

SUMMARY AND CONCLUSIONS 

The folic acid requirement for normal growth of poults 
on a purified ration is 2.0 mg per kilogram of feed. 

At the 25% and 43% protein levels of the purified ration, 
2.0 mg of folic acid per kilogram of feed is required to prevent 
cex’vical paralysis. No cervical paralysis occurred in the group 
which consumed the turkey starting mash. 

When the level of folic acid was 2.0 mg per kilogram of feed, 
normal feathering ivas observed in the poults receiving the 
purified diet with 43% protein, l)ut at the same folic acid 
level those fed the purified diet containing 25% protein 
showed feathering that was distinctly subnormal. 

Although the hemoglobin values for the poults which did 
not develop cervical paralysis showed no direct relationship 
to the level of the folic acid supplement on either of the puri- 
fied diets, they were higher, 11.6-12.7 gm, on the diet con- 
taining 43% protein than those on the diet containing 25% 
protein, 8.8-10.5 gun. Those obtained on the 43% protein diet 
were essentially of the same order as that obseiwod with the 
poult.s on the turkey starting mash. For the birds which de- 
veloped cervical paralysis, the hemoglobin values were lower 
and ranged from 5.7 to 7.3 gm per 100 ml of blood. 

ADDENDUM 

Since this manuscript was completed, Lillie and Briggs 
[Poultry Sci., 26 : 295 (1947)] have reported that New Hainp- 
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slih'e chicks require a mininuiin of ir)0|.ii>' of folic acid per 
2.0 mg of folic caid per kilogram of feed is rtaiuired to pi'oveiit 
and that 200|,ig per 100 gin of diet (2.0 mg i)er kilo) is the 
requirement for normal feathering. 
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Althongli a large nviinber of eaniietl meats and vegetable 
])rodiK‘ts have previously been assayed for vitamin content 
tbe number of tisli products wbicli have been thus investigated 
is relatively small. Recently it has been reported (Deuel 
et al., H5) that at least some fish proteins are very complete 
with respect to the growth requirements of the rat. The fol- 
lowing investigation was undertaken to determine the quan- 
titative distribution of certain growth factors in different 
species of canned fish. 


EXPERIMENTAL 


Samples 

The metJiod of collection of the samples has ].)reviou,sly 
been outlined by (lifcorn (’4-4). Each sample consisted of 
72 cans of the regular retail product and in most instances a 
report bearing a description of the location and date of 
catch, canning procedure, etc., accompanied each sample, 

^Published ivith the approval of tlie Director of the Wiseoiisiu Agricultural Ex- 
]»crimeiit Station. 

The vitamin I) assays reported in this paper ivere carried out at the Wiscoasm 
Alumni Research Foundation laboratories under the direction of Br. H. T, 
Scott, -whose assistance is gratefully acknowledged* Thanks are due also to 
Mr. A* L. Powell, Jr*, Avho did most of the thiamine determinations. 

This Avork ivas a part of the National Canners Association-Can Alauufactnrer’s 
Institute Nutrition Program, 
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TavoIvg cans were opened, tlio contents eonil)iiied, and tlie solid 
and liquid portions separated with a fine screen. The liquid 
fractions AA'ere discarded except in the ease of seA’eral of the 
products canned in A^egotable oil. A feAA' of these oils AA’cre 
analyzed for their \dtamin A and D contents. The solids AA^ere. 
then mixed by hand as thoroughly as possible, pa.ssed through 
a commercial meat grinder, mixed again and stored in the 
dark at a sub-zero temperature. All assays AA'ore carried out 
before this preparation aa'US o\mr 6 AA'oeks old. For assays of 
Autainin.s A and D this material aatis used directly or if the 
oil AA'as assayed it Avas simply clarified by filtration. 

The AA’ater-solnble Autamin assays AAX're carried out on a 
second preparation made fi'om time to time by mixing’ an 
equal AA’eig’ht of the ahoAm material and distilled Ava1('r in a 
Waring- Blendor. All assays, except those for folic acid and 
Autamin D, w’ore done in duplicate. The samples i)a('kod in 
tomato sauce AA’ere not separated into the solid and Ihpiid 
fractions but the entire contents of the cans Avere pr(q)a,red 
and assayed in the .same manner as the solid portion refei’red 
to aboA’e. 

The 11 samples of salmon assayed consisted of b different 
species of the genus Oncorlii/nclnifi, representing AA'hat are 
commonly called red, chinook, chum, coho and pink salmon. 

Assay methods 

Vitamin A. Vitamin A Avas determined by the antimony 
tricliloi'ide method of Dann and Evelyn ( ’38) using- the sai)nni- 
fication procedure of Jensen and With (’3!)). It Avas found 
that the vitamin A content of the muscle tissue and oil aauis 
extremely Ioav. In addition considerable carotenoid pigment 
appeared in the final chloroform extract although much of this 
could be removed by the separation procedure of Boyer, Pbil- 
lips and Smith (’44), This separation procedure A\ms used 
for the analyses of the oil from the Atlantic sardines and 
mackerel. The blue color of the Autamin A-antimony tri- 
chloride complex Avas much more stable in extracts made by 
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saponification of tlie oil than by saponification of tlie muscle of 
these 2 species. 

Most species of salmon examined contained varying 
amounts of the astacin-like pigment described by Bailey ( ’37). 
In making’ saponifications of the ivliole muscle it was found 
that this pigment formed an alkali salt slowly and only after 
refluxing for a jjeriod of 2 hours Avas it almost completely 
removed with the saponified fraction. Thi.s technique appar- 
ently permitted fairly accurate checks to be obtained in the 
salmon analyses. 

Thiamine. The thiochrome method of Hennessy (’42) as 
outlined in the U.S. Pharmacopoeia (’47) was used for tliia- 
mine analyses. After incubation of the samples with the pro- 
teolytic and diastatic enzyme (“polidase”)- the digests were 
extracted with other to facilitate their passage through the 
adsorption columns. 

Riboflavin. For ribofiaviu the microbiological method recom- 
mended by Strong ( ’47) Avas used. Since all samples contained 
appreciable quantities of fat the techniques suggested for its 
removal Avere employed. 

Pantothenic acid. The L. casei method of Neal and Strong 
(’43) AAms used for pantothenic acid. The Autamin Avas liber- 
ated by digestion Avith “mylase P” according to Ives and 
Strong ( ’46). Precautions to remove fat Avere again exercised. 

Biotin. L. arabinosns Avaa used to measure biotin (Wright, 
’47). 

Nicotinic acid. L. arabinosns Avas also used to assay nico- 
tinic acid. The technique used Aims that of Snell (’47). 

Pyridoxine. The 8. carlsbergensis method of Atkin et ah 
(’43) Avas used Avith certain modifications of incubation pro- 
cedure for the determination of pyxidoxine activity. Either 
shaking in large test tubes (2.2 X 20 cm) or stagnant incu- 
bation in 125-ml Erlenmeyer flasks proved capable of provid- 
ing the desired turbidity in 18-20 hours at 30° C. 

Folic acid. In each ease the samples for folic acid Avere 
treafed Avith a cnxde conjugase pi’eparation. The latter Avas 

® R<ieoinnieiKle(T by Gausen and Bro^m ( ^43 ) , 
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pi'epared hy disintegrating in a A¥ariiig Blendor, 1 part of 
fresh hog pancreas Avith 3 parts of water (iveiglit to Aveiglit) 
and filtering to remove the large particles. This conjiigase 
treatnient iisnally increased the level of the vitamin from 50 to 
70 fold as measured hy the L. casei method of Teply and 
Eh'ehjem (’45). 

TABLE 2 

Vifaviiii D contaH of cannrd fislh 


TJHP YIT D V^V VIT I> 

SA^tPIiB ^ TJNtTS TER HAitTT^E ^ UNITS TER 

100 ftM 100 OM 


A tlautic 111 a clvcTtd 


Halmon 


1 

250 

1 

500 

•1 

250+ 

o 

500 

a 

16.') 

3 

500 + 

4 

^50 

4 

500 

Pacific sardines 


5 

500 

] 

33B 

() 

500 

o 

.63.'! 

7 

500 

3 

33?, 

8 

500+ 

4 

333 

0 

.ion 

5 

333 

10 

500 

6 

333 

11 

500 

Atlantic sardines 


Pacific sardines 


1 

250 

with tomato sauce 


2 

333 

1 

333 

o 

,0 

250+ 

o 

333 

4 

250 

3 

333 

i> 

250 

4 

333 

G 

250 + 

5 

500 

7 

333 

Pacific mackerel 


8 

250 

1 

250 

Tuna 


o 

250 

1 

200 

3 

250 

o 

200 

4 

250 

a 

250 

5 

250 

4 

<100 

Atlantic sardine nil ^ 

333 


250 

'Pacific sardine oil“ 

333 

fi 

225 

Tuna oil * 


7 

250 

3 

333+ 

8 

250 

6 

333 

0 

250 

8 

<100 

10 

250 

12 

333+ 

11 

250+ 



12 

333 




^ Roinijlps nro flip same as in table L * Oils drainod from the can contents. 
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Vitcmin D. Eat assays for vitamin I) were (-arried out 
according to tlio II.S.P. method. Tiie amounts ted wore such 
as to permit estimation of the potency with a jDi'Ocision indi- 
cated by the levels given in table 2, e.fi., 165, 200, 250, 333, 
500 U.S.P. unit.s per 100 gin. Closer estimation of the iioteney 
was not considered feasible on account of the excessive num- 
ber of individual assay levels required. 

msoussiox 

Unfortunately A'ery few analysts report the sdenlilic narni' 
of the tisb being sampled. Tliis leads to some confusion u.s to 
whether, for example, a partieidar species is of Atlantic or 
Pacific origin and renders comparison witli litorature ri'sults 
rather difiienlt. 

Vitamin A. Considerable variation Avas found in the Aita- 
min A analyses of the different species of canned salmon. 
Thus 2 samples of red, 1 sample of sockeye (red) and 1 of 
Chinook salmon contained 0.015, 0.045, O.Oilo and 0.070 mg of 
vitamin A per 100 gm, respectively, wlioreas 3 .samples of 
pink, 2 samples of coho and 2 of chum salmon i-angcd from 
0.017 to 0.026 mg of vitamin A per 100 gm. No comparable 
variation in the B Autamin content of the salmon wSam])leR AAms 
observed. 

Recently ArAmpara et al. ( ’46) have descri])ed a iieAv spec- 
trophotometric method for the determination of vitamin A. 
It is possible that this method could be applied toA'ood sam- 
ples where Adtainin A is in small concentrations altbongb it 
Avas unsatisfactory for mea.snring tlie Autamiu in rat liver.s. 

Since all samples contained some carotenoid pigment it 
Avas possible that bigher values for vitamin A activity 
could be found by the rat assay. Dovaiiev and Putney 
(’35) found 0.25 to 8.0 l.IJ. per gm of vitamin A in 
the flesh of several species of canned salmon. Tliis range 
Avas approximately the same as reported in the present 
paper. The flesh of the other species assayed in the pres- 
ent Avork contained loss than 0.008 mg of vitamin A per 100 
gm. Until additional animal assay data are available it Avill 



VITAMIN CONTENT OE CANNED EISH 


639 


not be possible to draw final conclusions as to tlic value of 
canned flsli as sources of vitamin A, 

Thiamine. Guerrant, Vavicb and Fardig (’45) bave re- 
ported a survey carried out in a number of different labora- 
tories. Tbe tbiamine content of a salmon puree varied be- 
tween 0.0084 and 0.0104 mg' per 100 gm rvlien assayed by tbe 
tbioelirome method. Some of the lower values reported in tbe 
present sui'vey (table 1) may be due in part to tliiaminase 
action in tbe muscle prior to canning. Thus Melnick ot al. 
(’45) bave found that herring contains this enzyme as does 
also California sardines (Lamb, ’46). ]\Iyrbaek and Vallin 
(’44) bave found that tbe canning process destroys 30% of 
tbe orig'inal tbiamine in canned meat. These factors tend to 
decrease the value of canned fish products as a source of 
tbiamine. 

Riboflavin. Tlie riboflavin content of the various samples 
within a given species showed remarkably little variation. Tn 
the Pacific sardines and mackerel the values were somewliat 
liigher and can be regarded as comparable to lean beef or 
pork. 

Pantothenic acid. All of the canned fisli samples analyzed 
proved to contain approximately tbe same levels of panto- 
thenic acid as those found in other muscle meats, namely, 
0.25 to 0.83 mg per 100 gm for the fish as compared, for 
example, to 0.45 for pork (Guerrant, Vavicb and Fardig, ’45). 

Very recently Lipmann et al. (’47) have reported that 
pantothenic acid may be the coenzyme for an acetylating 
enzyme for choline, sulfanilamide, etc. This discovery ivill add 
impetus to tbe search for more quantitative data on the distri- 
bution of this factor in foods. 

However, the most serious problem in the estimation of 
pantothenic acid is its liberation from other materials in the 
sample. Incubation of the samples with “mylase P” was 
previously found to release more of the vitamin than treat- 
ment with other common proteolytic enzymes (Ives and 
Strong, ’46) ; lienee this technique has been applied in the 
present investigation. It is interesting to note that Lipmann 
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lias found an enzyme in liver 'ivliicli togetlier willi a plios- 
pliatase liberated from the purified ac‘etylatin,a,‘ eoenzyme 60 
times as mncli pantothenic acid as could he obtained by 
clarase-papain digestion. 

Biotin, Ives et al. (’46) found an average of 0.0098 mg of 
biotin per 100 giii in 10 samples of salmon assayed by the 
L. easei method of Shull and Peterson (’43). In the iiresent 
study the Pacific sardines proved to be a somewhat better 
source of biotin than the other species. 

There are several reports in the literature ou the biotin 
activity of certain fatty materials sncli as, for oxamiile, oleh; 
acid. It is possible that this factor may have lieon at least 
partially resiionsible for tlie fluctuations noted although all 
samples were filtered at a pll of 4.0-4.5 in order to remove 
fatty acids. 

Nicotinic acid. All species can be slated to lie a good source 
of nicotinic acid. The values found for the canned tuna samples 
were much higlier than those usually repotfled in tlu' literature 
for beef and ham. 

Pyridoxine. The average pyridoxine value for the 10 
salmon samples assayed by Ives et al. ( ’45) was 0.13 rag per 
100 gm. The distribution of this vitamin in tuna and salmon, 
reported in table 1, is somewhat higher than most litei’ature 
values for meat. 

Folic arid. The assays reported for folic acid .show that the 
various fish x)roduets are very low in this vitamin. The method 
of Roberts and iSnell ( ’46) usmg’ L. na.'iei as the te.st organism 
did not give more satisfactory results. There is some indi- 
cation that this factor may he destroyed in the cooking of 
meat (Schweigert, Pollard and Elvehjem, ’46), hence it is 
XDOssible that the canning pi’ocess may also destroy this factor. 

Although the samples were treated with a conjuga.se prejm- 
ration, it may be possible that not all the folie acid was actually 
liberated. 

Vitamin D. The rather high levels of vitamin I) found for 
the various species i.s one of the most interesting results of 
the present survey. Prom the values reported in table 2, it 
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may be seen that these species of fish are excellent sources 
of vitamin D and as such arc unique among commonly eaten, 
unfortified foods. In view of the practical importance of this 
fact, the vitamin D values are given in full in table 2. 

Devaney and Putney (’35) assayed 4 species of canned sal- 
mon and found the vitamin D content to range from 190 to 
800 1.U. per 100 gin. The average figure taken from the result.s 
of the above authors is 460 I.U. per 100 gm, about the same 
value as that found in the present woi’k (table 2). 

It may be concluded that, with the exception of folic acid, 
the B vitamin content of the canned fish products assayed in 
the present study compares favorably with that of other 
major protein foods such as muscle meats, eggs, and cheese. 
In addition canned fish may be considered an excellent source 
of vitamin D, and should probably be regarded a rather poor 
soui’ce of vitamin A. 


STJMMAET 

A number of .samples of canned fish repn-esenting 6 dif- 
ferent species were tested for their content of vitamins A, D 
and certain water-soluble vitamin.s. 

No appreciable amount of vitamin A was found in the flesh 
of any of the canned fish assayed except salmon, although 
.small amount.s were contained in the oils from canned Atlantic 
mackerel and sardines. Thiamine and folic acid were gen- 
erally rather low. Biboflaviii, pantothenic acid and biotin were 
present in fair amounts. The samples proved to be a good 
source of nicotinic acid and pyridoxine. All s])ecies examined 
were good sources of vitamin D. 
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(Eeeoived for publication July 10, 10-17) 

Patients with the complete syndrome of spnie may exhibit 
the most remarkable combinations of deficiency states (Thay- 
sen, ’32; Hanes, ’46; Wiiitrobe, ’46). Some of the mani- 
festations of tliesc states are loss of weigdit (caloric defi- 
ciency), hypoproteinemia (protein deficiency), petechiae (vi- 
tamin K or C deficiency) (Fanconi, ’38; Kark, Souter and 
Hayward, ’40; Butt and Snell, ’41), iiight blindness and 
xerosis conjimctivae (vitamin A deficiency) (Riddell, ’33; 
Rao, ’33), hypocalcemic tetany and osteopm'osis (vitamin D 
and calcium deficiency) (Scott, ’25; Linder and Harris, ’30; 
Fairley, ’36), and pancytopenia (vitamin M.‘ group deficiency)- 

^ This Avork Avas supported by grants from the National Yitamin 
the Nutrition Nouiidution, Inc., tlic luternatioual Ilealtli Division of The Roeke- 
feller Foundation^ and Distillation Products, Inc, 

“The term ^ ^ deficiency ^ ^ is employed hero in its broad sense. We do not Avish 
to imply that the deficiency is necessarily dietary. It is eoiicGivable that some cases 
may be dietary in origin, but it is probable that some constitutional comlitioning 
factor and/or eimrouiucntal conditioning factor exerts a major infiuence upon 
the development of the disease-syndrome termed sprue. 
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(Darby and Jones, ’45). In many eases tliose delieleiieies may 
be classified (Dann and Darby, ’45) as latent or poienl.ial and, 
hence, are demonstrable only by biochemical means. 

The view that sprue is a primary disease was clearly ar- 
gued by Thaysen (’32). Hanes (’43) held that the “ . . . . 
profound disturbance of the power of the intestines to absorb) 
in a normal fashion ...” would explain all of the varied 
secondary deficiency manifestations of the syndrome. The 
association of sprue with dietary inadtapuudes had often 
been remarked upon (Ashford, ’22; Thaysen, ’32), but Castle 
and associates (’35) clearly liypotbesized iJial, “In sprue 
the obvious dietary defects provide ... a rational explanation 
of the subsequent defects of the specific i'unctions of the 
alimentary tract demonstrated in patients.” These gastro- 
intestinal defects are at least partially corrected by a sub- 
stance or substances present in liver extract (Castle ot ah, ’35 ; 
Fairley, ’36; Miller and Ehonds, ’36; Rarkoi’ and Hhoads, 
’37 ; Miller and Barker, ’37). 

With the demonstration of the activity of ptoroylglutamit; 
acid (PGrA) in patients with sprue, we (Darby and Jones, ’45; 
Darby, Jones and Johnson, ’46a, h; Darby, Jones, Wui'den and 
Kaser, ’47) indicated that this vitamin seemed to exert a 
favorable influence upon the gastrointestinal abnormalities as 
well as upon the anemia. Similar observations have been 
made by others (Beguerie and Spies, ’46; Suarez, Spies and 
Suarez, ’47). This paper summarizes additional data which 
may be interpreted to indicate that pteroylglntamie aedd exerts 
a favorable influence upon tbe gastrointestinal trsnd, in sprue. 

EXP-BEIMiiNTAL 

The subjects were 6 adult patients with sprue wiio have 
been observed in the Vanderbilt 'University riospital. All 
of these cases met the diagnostic criteria of glossitis, diarrhea 
with an increased fat content of the stools, los.s of weight, 
macrocytic anemia, moderate leucopenia and definite impair- 
ment of gastrointestinal absorption as will be discussed. Some 
of the initial data on 4 of these cases have been previously 
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reported (Darby, Jones and Johnson, ’46a; Jones, Warden 
<and Dai’by, ’47). One patient (J.D.), however, has now been 
observed during a second relapse after the witlidrawal of 
therapy and througli a second remission induced by PGA. 
This makes a total of 7 observed remissions reported herein; 
each remission is considered independently. The sole specific 
therapeutic agent administered has been synthetic pteroyl- 
g'lutamic acid ® in doses of either 5 mg per day orally or 15 mg 
per day intramnsculaiiy, eseept in 1 case (Jones, Warden 
and Darby, ’47) in which this Avas preceded by 10 days of 
therapy with pteroyltrigintamate. With 1 exception (J.H.), 
the patients have been hospitalized during the acute stage of 
their disease. The prehospital dietaries of the patients varied 
considerably. They had been generally of poor quality, but 
not uniformly so. During therapy 1 patient (P.B.) received a 
meat-free diet ; the remainder have been maintained on a reg- 
ular ward diet devoid of organ meats. No dietary advice 
whatsoever has been offered the patients upon tlieir return 
home. Other than indicated in figure 2a no other supple- 
mentary vitamins have been administered. 

Glossitis 

During each relapse the patient has complained of a sore 
tongue, liartieularly sensitive to acid foods, spices and the 
lilie. All of the patients have shown atrophic lingual papillae. 
Subjective relief of the glossitis has occurred and beginning 
regeneration of the papillae has been evident within 3 days 
to a week after the institution of therapy. In 6 of the 7 re- 
missions induced by PGA there has been complete restoration 
to normal of the lingual changes. The other case (J.II.) has 
shown pronounced improvement. These successive lingual 
changes observed in J.D. prior to therapy, following admin- 
istration of PGA, in a relapse after the interdiction of therapy, 

“ We are indebted to Drs. Stanton M. Hardy, Thomas H. Jukes, and K. L. K. 
Stokstad of the Loderle Laboratories for their generous assislaneo in supplying 
us -vvith synthetic pteroylglutnmio acid and the isolated pteroyltriglutamate ein- 
Ijloyed in this study. 
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aiicl. in a second I'cinission induced by PCiA are shown in 
figure 1. If, as is sometiiuos lield, the a]j])ca ranee ol ilie 
tongue in patients with sprue is an indicator of the state of 
the gastrointestinal inueosa generally, these lindings Avould 







Mg. 1 a. Teague of patient .T.l), on Se|,te.ul,ev tiO, .lUi.I. prior 1„ iheranv. 
Note the complete absence Ymgutil papillae. 

b. Tongue of patient J.!). pliotograplied on Oetol)L'r IS. litt,!. Tliorupv witli 
PGA was ^ntnted on Oetobor 4, iwn. Nolo tbo ovidont rogonoratiou of 
papillae which impart a velvety li.ppoarnnco to the central inon 
0 _ Toupe of patient J.D. photographed on July 24, lOJt!, 275 days after the 

irl™eo?a“" f *'>'' ^'nilaritv 

m appeal ance to the photograph made on Soptcniher 26, .10*45. 
d. Toi^e of patioiit J,D. pliotogropliod on Decoinhoi- 4, ]!MG, of tho }juiL'lit of 
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mdicate a definitely beneficial effect of this vitamin on tbe 
mucosa. 

Diarrhea 

In all of these remissions cessation of diarrhea has been 
observed within a period of 3 to 9 days from the beginning of 
therapy with PGA. In 1 case (J.H.) periodic recurrence of 
this symptom has taken place, but the frequency of recur- 
rence lias decreased. As noted below, this patient has devel- 
oped niacin deficiency while receiving PGA. 

Weif/lit changes 

The maximum weight gain.s in pounds have l)een as follows ; 
45, 26 (J.D.); 33 (P.S.) ; 24 (P.B.) ; 2.9 (W.O.); 6 (J.IL). It 
is our im]:)ression that these weight changes following therapy 
reflect both the increased appetite and the better absorptive 
ca)')aoity of the gastrointestinal tract with the consequent con- 
servatioia of calories and fluid. Several of our patients have 
exhibited evidence of fluid retention during the early period 
of therapy (Darby, Jones and Johnson, ’46a). 

Glucose tolerance 

It has been possible to detei'mine Ihe glucose tolerance 
(oral administration) in 5 of these remissions. In each in- 
stance there has been a definite return toward the normal 
type of curve within from 11 to 30 days after institution of 
tlici’apy. These changes are illustrated liy figures 2a and 2b. 
Other data on the glucose tolerance Avere presented elsoAvliere 
(Darby, Jones and Johnson, ’46a). The dosage of glucose 
employed in these studies has been 70 gm routinely. Con- 
firmatory findings have been reported by Suarez et ai. (’47). 
OraAvford (’39) has interpreted the Ioav glucose tolerance 
curves a.s indicative of defective or delayed absorption of car- 
bohydrate from the intestine. Fairley (’36) regards the 
transition from the flat type of glucose tolomnce curve to 
the normal tjqoe foIloAving therapy Avith liver extract as 
indicating' improved absorption of carbohydrate. By similar 
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CORRELATIVE DATA ON PATIENT WITH SPRUE TREATED DURING TWO PERIODS WITH PGA 



l^ig. 2a See text for diaeiission. Rilmflaviu, 5 lug daily By mouth, was given 
us a placebo from Juno 26 to July .14, 104l5. The course of the relapse was 
unaltered by^ this therapy. 


reasoning, one may liyiDothesize that PCtxL favorahly influences 
the permeabilit}^ of the gastrointestinal trach to glucose. 

Fat sohihle factors 

It is essential that the dietary intake of fat l)o properJj^ 
controlled (Black, Fourmau and Trinder, ’4(1) in order that 
quantitative analyses of stool fat be interpreted with ac.- 
curacy. This control of the fat intake of patients is ex- 
tremely difficult, especially after the subject returns home. 
Our ohservations on the effect of PGrA on fecal fat arc, there- 
fore, exceedingly limited, but successive determinations on a 
single patient (figs. 2a and 2b) indicate a definite decrease in 
the total 24-hour loss of fat m the stool. In chronic sprue, 
however, PGA has not I'edueed the loss of fai. in the stool 
beyond that point attained by previous liver extract therapy 
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(Davidson, Girdwood and limes, ’47). Spies et al (’46) have 
observed that diai'rhea was better controlled by PGA in 
patients whose illness was of recent onset. 


CORRELATIVE DATA ON PATIENT WITH SPRUE TREATED 
DURING TWO PERIODS WITH PGA 



Pig. 2b Seu text for (liseu.«siou. 

Carotene and vitamin A 

Some data on the absorption of carotene and vitamin A 
have been iiresentcd in a previous communication (Darby, 
Kaser and Jones, ’47). The liematologie pictures of spime 
and pernicious anemia are identical and both diseases respond 
to PGA. It is of interest, therefore, to contrast the initial 
serum carotene levels of a group of patients with sprue with 
a gTOuiT of piatients with pernicious anemia (fig. 3). These 
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luicliiig's aro similar to llioso oL* Ouyor aial (M'>\vork(M's { 4a, 46). 
OoDsidercd together with the iiornnihtodiigli gJiu'ose tolerance 
cTU’ves (Jolmssoii, ’22; Ifaiies^ '4()) uiul ilie ahse.Dt'e of the <le~ 
ficieiicy pattern on x-ray examination ((Tolden, ’41) in pei*- 
iiicions aneiuia these (hidings iudieato that the presom^e of tlie 
gastrointestinal defects is ontsiuuding in sprue, Init that 
this is not the ease in pernicious aneiuia. The gastrointestinal 
abnormalities are not, then, sGCondary to maerocyHe anemia. 
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Fig, 3 Plasma tocojjlicrol and sonini miroU'iK' InvnU in sjn'in* and |M*nu(dons 
anemia. The lo^v initial earotene and tocopiiurul levels of patients with spme 
are to ho contrasted with the initial hi^dior levels of patients with ]iernieioiis 
anemia iu relapse. Carotene levels are iiududed on 2 xmti(?nts with .sprue Avho 
were seen in other lu).spitalR hut are not reporteii in this pajnu'. 

Pig. 4 Plasma prothrombin levels in sprue and pernicious .‘iuemia. A, 
protliroinbin concentration ]jrior t(» tlierapy; 11^ protiiromlnn coiuaml ration after 
tliorapy with PGA. Note the contrast between the prothrombin concent ra.ti<3ns in 
patients with s])riie and pernicious anemia in ndajise. Tin' iucrea^-e ni prothrombiji 
concentrations of the pati{mis with sprint following ther.apy wilb IMJA is not due 
iu admiiiialered vitamin K, 


Tho rise iu soinim carol eiKs t'ollowhi.u’ lluu'apy wiili I*(JA 
is illustrated iu fij^iire 2b aud bus l)ceu discussed iu an curliur 
report (Darby et al., ’47). This gradual risi' luay ])o att)T- 
buted to the aceiumilatiou of caroteuc iu llio seniui as Die 
23atient is better able to absorb the iiiguieiit. .A sustained 
rise lias been observed in 6 of the 7 reuiissious. The alisence 
of a sustained carotene rise iu 1 (J.H.) is partly I'Xiilaiiied 
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by tbe exceeclmgly low intake of eai’otene in Ms selt'-seleeted 
dietary (ealenlated to bo 180 I.U. per day). In passing, the 
remarkable similarity of this increase in serum carotene con- 
tent to the increased cholesterol levels in cases of sprue treated 
with liver extract (Fairley, ’30) is to be noted. 

Vitamin A absoi'ption determinations following an oral 
dose of 200,000 I.U. of vitamin A have yielded data consistent 
with the interpi’etation that there was improved absorption in 
2 of the 4 remissions in ivhich repeated estimations were made. 
Two patients have continued to exhibit flat vitamin A toler- 
ance curves despite clinical improvement. These individuals 
are persons with chronic sprue. One (P.B.) is an alcoholic; 
the other (J.II.) developed evidence of niacin deticioncy fol- 
lowing therapy with PGA. 

Vifamin K 

Tlje hypoprothrombincmia which can be observed in .sprue 
is attributed to a <lefieiency of vitamin K (Kark, Souter and 
Hayward, ’40). Two of our patients have exhibited hypopro- 
tlirombineniia prior to therapy with PGA and thi.s hypopro- 
thrombinemia has returned to normal during* reinissioms in- 
duced by PGA (fig. 4). By way of contrast, the prothrombin 
times determined on 3 patients with pernicious anemia in re- 
lapse are included in this figure. Again the absence of a second- 
ary fat-soluble vitamin deticieney in pernicious anemia is im- 
pressive. 

Ti'ldJiiin E 

Low iilasma tocopherol levels have been reported in patients 
with .sprue in relapse (Darby, Cherriugton and Ruffin, '46). 
The decrease in sei-iim tocopherol concentration during a re- 
lapse of sprue and the increase following therapy with pteroyl- 
glutamic acid are depicted in figures 2a and 2b. The con- 
trast between tbe concentrations of lat-soluble vitamin E 
in the patients ivitli sprue and in patients with pernicious 
anemia (fig. 3) is again noted. 
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Correlative data on many oi‘ ili(! points dlscmssmi above are 
presented in figures 2a and 2b, whieli depiol lln* course of 
patient J.D. during tlie 2 relapses and 3 remissiuus induced 
by PGA. These figures illustrule the rapidity with v'bieli al- 
terations toward normal may occur in glucose tolerance fol- 
lowing therapy and that this improved function may be main- 
tained during- a remission induced by PGA even after admin- 
istration of the vitamin has been terminated. These fig-ure.s also 



JTig* o GaHtroiiitestinal x-ray pattern as revo^nlod 1 hour ufl or a hariuui nioal, 
patient J,H. The him on the lett was obtained prior to institntioii i»i' therapy, 
the one on the right 2 months after the beginning of treatment with h mg PGA 
daily. Note the less abnormal appearance of the iiitcstinos upon the hccobcI 
examination. 


indicate a reciprocal relationship between the (*arofonc level 
in the sernm and the amount of fat lost in the sbjol. ''Fhe very 
close time association between the hematologic and gastro- 
intestinal changes observed dni’ing remission and rola])se is 
consistent with the hypothesis that tliese arc 3 manifesta- 
tions of a deficiency* disease. 

X-ray changes m the yastroml estinal tract 

X-ray changes of the so-called deficiency pattern type are 
present in sprue (Mackio et ah, '35; Golden, '41). Begnerie 
and Spies (AG) have reported that those return toward nor- 
^ See footnote 2 page 645. 
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mal following- the administration of PGA. We have obtained 
follow-up films on patients in 4 remissions induced by PGA. 
In 3 of these definite improvement in the pattern baa oc- 
curred following therapy with PGA (fig. 5). Less pronounced 
improvement has been observed in the fourth. In none of our 
eases have the x-ray patterns returned completely to normal 
despite the otherwise excellent response to treatment. Other 
types of specific therapy likewise fail to restore the intestinal 
pattern completely to normal in cases of sprue (Maelde, Mil- 
ler and Rhoads, ’35; Golden, ’41). 

DISCUSSION 

Our observations may be interpreted as indicating- that the 
primary defect in sprue is a deficiency state manifested by 
g-lossitis, macrocytic anemia and pancytopenia, and impaired 
gastrointestinal function. This primary deficiency is corrected 
by ptcroylglutamic acid. The simultaneous correction of sev- 
eral secondary deficiencies is also indicated by the data pre- 
sented in this report. The numerous interrelationships of 
pteroylglutamic acid with other vitamins and food factors are a 
most remarkable clinical example of the interrelationship of 
foodstuffs in man. The close similarities to the multiple de- 
ficiency states (Daft and Sebrell, ’45) in the sulfa-treated rat 
are obvious. 

Our data lead us to suggest that PGA will probably produce 
effects similar to those of liver extract on the serum choles- 
terol (Fairley, ’30), on serum calcium (Fairley, ’36), on the 
sodium deficiency in sprue (Black, ’46), and on other sec- 
ondary deficiencies which occur in the disease. 

Many eases of sprue undoubtedly develop irreversible 
changes in the gastrointestinal tract (Golden, ’41; Hanes, 
’42). In 1 instance. Golden (’41) has demonstrated degenera- 
tive changes in the intrinsic nerve plexuses which supply the 
intestinal wall. McCarrison (’21) observed similar changes 
in monkeys which apparently had vitamin M deficiency (Day, 
’44). The vitamin M deficient monkey may be regarded as the 


® See footnote 2 on page 645. 
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experimental muilog'uo of sprue (Darby and .Iniies, ’45; 
Darby et al., ’4G1); Jones et al., ’47). 11 is im)iruhable Ibat 
completely degenerated nerve plexuses can be reslored. Tlu'ro- 
fore, tbo persistence of some degree of nialf unction despite 
therapy inay be expected, ]mi'ticnlarly in disease of long- 
standing. The failure of liver exti-act tlierapy fo coi-rect 
i'll tofo the vai'ions distnrhancos of ga.stroiutestinal ab.sorp- 
tion may be thus explained. If ihe above hypothesis bolds, 
complete restoration of normal function of tin; gastrointestinal 
tract may nev-er occur. TJie relationship of tlie anatomical find- 
ings to the functional defects in ahsor])lion is not clear. 
Further studies are plaaned in an offorl lo (hdinc the r(dative 
roles of the deg'cuerativc changes in the plexuses and the' 
possible alieratioms in nincosal peniK'ability in vitamin ]\[ 
deiicieucy. 

It .should he emphasized again that any di.scasc which r<n 
suits in malabsorption from the gastrointestinal Irad muy 
resemble the sprue syndrome (Hnnes, ’46). .\ltlnmgh the (din- 
ical pictures are indhstingnislmble, it, is to 1)(\ t'xptHded that 
PGA will he ineffective in ihe treatnnml of any dis<*asc wliicli 
doe.s not result from a deficiency'* of this vilamln. 'Phei’c- 
fore, the availability of this chemically well-dciined factor 
may enable clinicians to separate the dilferent disease (mtities 
which are now grouped together loosedy as the sprue syndrome 
or idiopathic steatorrhea. The re])ortod ineflicucy of PGA 
in certain cases of celiac disea.se (Davidson et ah, '47) may 
indicate that this disease in children is on a diri’oi'cnt oiiologic 
iiasis tlian is sprue in ilie ndnll. In llii.s conn(‘('li(>n it is well 
to recall tlie similarity of tlie gastrointestinal x-ray ])attern 
in celiac disease in children and sprue in adults io iiial of the 
very young normal infant (Golden, ’41). 

In the discussion of Lliose findiug.s W(' imv(! ndopt{>d ihe 
convention of interpreting all of these dala in ierma of 
changes in gastrointe.stinal absorption. A critical appraisal of 
the evidence in the literature u])oii wdiich this ])raclico is 
based makes it seem likely that it is at least partially ('.orrcct. 

“See footiiGtG 2 oil 04 d. 
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However, other hiteri)retations are possible; for cxairiple, 
the obsei'vod ebaii.e,'es in giueose tolerance and viianiiii A 
tolerancG eonld be ex])laiiied on the basis of altered hepatic 
fnnetion or a combination of altered intestinal absorption and 
hepatic storage or release as has been observed for vitamin A 
in rats (hIcCoord et ah, ’47) and for vitamin A and carotene 
in tlie human with infective hepatitis (Harris and Moore, ’47). 
Purtberinore, it is well established that rats treated with 
snlfonamides manifest several vitamin deiicieneies. The nsnal 
interpretation of these finding’s is that the snlfonaniide inhibits 
the synthesis of the vitamins by the flora of the gastrointes- 
tinal tract. In the sulfa-treated rat there occurs a decrease 
in the coliform organisms in the gastrointestinal tract. Those 
organisms are able to synthesize a imniber of vitamins (Baft 
and Hebrell, ’45). In uninibli.sbed observations made in col- 
laboration with Dr. John Buddingh, w^e have observed that 
the foi-al flora of our ■i)atient-s with spime is characterized by 
a dcerctised number of coliform organisms and an increased 
number of slow and non-lactose fermenting organisms. Dar- 
ing therapy with PGA a normal flora seems to have been 
reestablished. It will require many careful studies over long 
periods of time to define the relative roles of altered gastro- 
intestinal absorption, metabolism and gastrointestinal syn- 
thesis in the pathogenesis of the manifold deficiencies ob- 
served in sprue. 

STJMMAEY 

Observations on 6 patients with sprue during 7 remissions 
following therapy with PGA have been summarized. Each 
remission has been characterized by relief of the glossitis, 
regeneration of the lingual papillae (fig. 1), cessation of the 
diarrhea, and gain in wmight, as well as hematologic improve- 
ment (figs. 2a and 2b). In 5 instances a return toward the 
normal glucose tolerance following therapy was demonstrated. 
A gradual increase in the serum carotene concentration was 
observed in 6 of the remissions and improved vitamin A ab- 
sorption and increased prothrombin concentration (fig. 4) 
demo 7 istratod in 2 instaiices each. Increased concentrations of 
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plasma tocoplierol have been oliset'ved in 2 ('ases, ami a de- 
creased loss of fat in llic stool lias occurred in ilie 1 patient 
who was studied repeatedly (ligs. ‘2a and 2b). 

These findings are compatible with an interpretation that 
PGA exerts a favorable influence on tlie primary ga.stroin- 
iestinal disorder in sprue and thereby permits t he correction 
of many secondary delieicneies which occur. Other jnisaible 
interpretations are indicated. 

Chronic sprue responds less completely to PGA than does 
the more acute disease. 

As further evidence for the effect iveiu'ss of PGA in sprue, 
2 patients have relapsed when theraiiy with .PGA was with- 
held. All of the manifestations of the disease reaiipeared 
(figs. 2a and 2b). 

Sprue and pernicious anemia differ in that gastrointi'stinal 
defects are pronounced in sprue. 
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}. TflE KFFRCT OF :NrA'\’'GAXKf:lK AXD OTT-IKR TRACF KriTl'M'FNTS THE 
AFHTA UOTjISM OF OALCJUiM AXP (MTORT^ n O^rs DTOniSTfi 
EAIU^A: LACITATIOX ^ 

A. T. IJlLin, K. 0. lUAVU, li. (A U, HFNDKli AXl) 

O. Al. AVARO“ 

A'/vr Jrrsf'i/ Jr/ricidhmtl Fixpcriyncnt t^lation, New tiriwiy 

(IJecieived for publication July 2*1, 10-17) 


TJie iuorcashm' eapaclty of the dairy cow for iriilk produc- 
tion .lias siurii-ested io many investigators the possible need 
of supplying niinernl olements to the cow in quaiititios greater 
titan that lu'ovidod by lionie-grovni Coeds. Numerous studies 
have resrrltoi.l in the drawing of vaiiable conclusions in regard 
to an adoipiato calcium and phosphorus supply for lactating 
cows. Geuerally the requirements are thonght to be ap- 
]u'oximatcly 10 gin each daily, of calcium and phosphorus for 
a lOOO-pouud milking cow and an additional allowance of 0.9 
gin calcium and 0.7 gm phosphorus per pound of niilli: produced 
as proposed by Huffman ( ’04). 

Numerous balance trials have demonstrated the occurrence 
of negative calchmi and, somewhat less frequently and for 
.shorter periods of time, negative phosphorus balances during 
the eai’ly portion or peak of lactation. Elleiibergev and asso- 
ciates (’31 and ’32) and Huffman et al. (’30a) studying cal- 

* Fa])cr of the Jotiriuil Series, jSIew Jersey Agricultural IWxperiment Station, 
l^utgers Univoraity, Department of Dairy Industry. This rcsenroli was supported 
l)v ail <ip]>ropri«itlon from llie Limestone Products Oorporatioix ot America, New- 
ton. Now Jersey. 

The authors arc iudcbteci to Dr. S. D. Randle and Mr. It. L. Willis of' the 
{State Chemical Labomtory for a portion of the analysis. 
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eiulii and phosplionis inetabolisin duidn*;' llin i’u.''tati()u, lacta- 
tion and diy periods found negative balances daring peak 
production followed by a replenisliing ol tlie stor<*s ol tbese 
elements during the drying-off and dry periods. This lias been 
considered to be a normal cycle during wliicJi Ibc importance 
of Ibo dry pej’iod was emphasized (Bolistedt, '42 and Ilai'l 
et ah, ’31). 

A series of extensive investigations made liy Hart and as- 
sociates to determine some of the dietary factors intluencing 
the assimilation of ealcinin in cows and/'or goats dealt with 
calcium (’23 and ’27a), pbospborns (’23), (‘od liver oil (’27b 
and ’29a) and irradiated yeast (’30) .snpjbeinenlation ; tlie 
feeding of green gi’assos (’23a, ’27u and ’31), smi-curc'd 
(’29b, and Steenbock ct al., ’25) and wind bored bay.s ( ’25) ; the 
feeding of glucose (’31) and hydrochloric acid (’31) and the 
exposure of animals to direct snnligid ( ’26 and ’27a) and 
other irltraviolet light radiation.s (’24, ’26 awl '27c). Tbese 
workers concluded from their experiments that there are 
factors other than vitamin D operating in the ah.sorjilion of 
caleinm from the intestinal tract of the cow. 

There are no reports found in the literalnre whicdi would 
indicate that naanganG.se, iodine, copper, cobalt, iron or zinc 
influences the assimilation of calcium in laetating cows. Palmer 
et al. (’28), liowevei*, demonstrated that a liigh magnesium 
ration decreased the assimilation of calciinn and phosphorus 
in cows. The effect was most, marked when the ]diosphorus 
content of the ration wa.s low. More recently, nuffinun and co- 
woi'kers (’30b) showed that the inclusion of 3 to 575 of mag- 
nesium salts in the rations of calves mainlaiiiod on a low 
caleium ration either had no effect at all or slightly imju'oved 
the retention of calciinn and pho.spliorus. These iui'esiigutor.s 
(Huffman and Duncan, ’35) later demonstrated that mag- 
nesium improves calcium and phosiiliorn.s metaholi.sm and 
bone ealeifi,eation in dairy calve.s and described this function 
as a vitamin D-aparing effect. 

The ingestion of beryllium salts was shown to lead to a type 
of rickets caused by the formation of insolnhlo heryllinm phos- 
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pkate in llio htiosliiial tract (Kay and Byrom, ’27). Appar- 
ently otlier nietallie salts such as alnminuni, tlialliuin, barium, 
strontium and magnesium act similarly (Schmidt and Gf-reen- 
herg, ’35). 

Perosis, a disease indicated by slipped tendons in cliielveiis, 
w'as proven by Wilgus and associates (’36) to be caused by 
a deficiency of manganese. Other investigations, dealing with 
the 1 ‘ole of manganese in ealeiuni and phosphorus metabolism, 
demonstrated a favorable inflnenee of this element on the 
development of 1)one in rats (Aradur et ah, ’45, and Waehtel 
et ah, ’43), pigs (!\liller et ah, ’40) and rabbits (Smith et ah, 
’44). 

Tn a study conducted by Chornock et ah (’42) using rats, an 
increased calcium and ])hosphorus excretion resulting in neg- 
ative balances was effected by increasing the inang’anese 
intakes. 

Eeports in the literature on tlic effects of various mineral 
elements upon the metabolism of calcium and phosphorus in 
dairy cattle are limited except in the case of magnesium. 

This experiment was initiated to study the effects of sup- 
plemental calcium and manganese and other mineral element 
supplementation upon the metabolism of calcium and phos- 
phorus in dairy cows during the early portion of lactation. 

EXPERIMENTAL 

During this investigation the metabolism of calcium and 
phosphorus was studied by the balance trial method. Three 
weekly balance trials were conducted at regular intervals 
with each of 8 Holstein and 4 Guernsey cows during the first 
5 months of lactation. 

The 12 cows cominhsed 3 collection and 4 feed groups. 
The collection groups, composed of 4 animals from %vhieh 
excreta was collected while on trial simultaneously, were se- 
lected as nearly uniformly as possible relative to size, ag’e, 
breed and stage of lactation. The feed groups received the 
following grain mixtures continuously during the 5-moiith 
feeding trial: group I, basal grain mixture (consisting of 
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ground corn, 30 parts; I’olled oats, 30 parts; lius(H.*d inoal, 
28 parts; -wlieat bran, 11 parts and plain salt, 1 part) ; group 
II, basal grain mixture plus the addition of 3 ].)Ounds of (hiOO.. 
(c.p.) per 100 pounds of the basal grain ration, group III, basal 
grain mixture plus the addition of 3 pounds of a mixture of 
CaCO;^ (e.p.) and lllnSO., (c.p.) (proportions of calrium and 
manganese same as in j\fico “) per 100 pounds of basal grain 
mixture; group IV, basal grain mixture plus the addition of 
3 pounds of Mieo per 100 pounds of basal, grain jnixture. 
Vitamin I) supplements were not given to aur of tin,' groups. 

The general feeding plan provided 1 pound of timol hy-elover 
hay with 3.5 pounds of corn silage per 100 imniids of body- 
weight daily and grain in snlliciont quantity tti sati-sfy tin* ]\lor- 
rison feeding standards (’30) pln.s 10%. 

The feees and urine Avere collected soparaloly by aftmidaiits. 
Weekly composites of daily aliquots of silage, liay, wat('r, 
milk, feces and ui’ine were analyzed for i-alcinm ami pho.s- 
phorus according to the official incthods of the A.O.A.t 1 ( ’40). 

The chemical metliods used to determiiu' the levels of 
certain blood and plasma constituents at intervals during the 
feeding trial are as follows : hemoglobin, Sanford, Shenrd aiul 
Osterberg (’33); total pla.sma proteins, Looney and Walsh 
(’39); calcium, Clark and Collip (’25) and inoi’ganic pbo.s- 
pbonis, Fiske and Subbarow (’25). The red blood cell count 
and volume (hematocrit) were determined on the same blood 
samples according to the standard procedures. 

The “percentage used” of calcium and of phosphorus was 
determined by dividing the algebraical sum of the balance 
and the quantity of the clement in the milk by 11m (luanlily of 
the element taken in by the animal. , 

RESULTS AND DISCUSSION 
Health and milk product ion 

No differences Avere found in the general health of the ani- 
mals of the 4 feed groups. It is not knoAAm, hoA\mver, Avhat 

®Mico has the following percentage composition: calcium 33: inagnesiiim 2; 
manganese 0»20; iron 0.20; iodine 0.045; copper 0,025; zinc 0.01 and cohalt 0.002, 
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would be tlie effects of tbe different supplements used or the 
lack of them over an entire lactation period or over the life- 
time of an animal. 

During the relatively short period of experimentation, no 
definite effects on the production of the cows were found as 
a result of calcium supplementation alone or of calcium plus 
trace elements sup]rIeinentation ; the control animals (group 
I) seemed to maintain their levels of production equally as 
well as the groups receiving the various supplements. The 
high milk production of group I as compared to the other 
groups is largely the reflection of the high pimduction of cow 
;!91 wdiieh possessed an inherently greater capacity for pro- 
duction than the other animals. 

Blood picture 

Although the heraogdohin levels, red blood cell counts and 
volumes of the blood of the animals of the 4 groups were not 
greatly different, these values were somewhat higher for 
groups II, III and IV than for group I (table 1). 

Table 1 also shows no apparent group ditferenee in the 
average levels of plasma calcium and phosphorus or in the 
levels of pla.sma proteins. 

Calcium ‘metabolism 

Tables 2-5 show the average daily milk production, number 
of days in milk, and the intake, outgo, balance and percentages 
of calcium and phosphorus used for all animals of groups I, 
ir. III and IV, respectively. It will be noted that each animal 
appeared on trial 3 times and that the metabolism period 
date indicates the sequence in which the trials were conducted. 
A general summary of group average calcium and phosphoriis 
metabolism data and individual animal histories are given in 
tables 6 and 7, respectively. 

Tables 2-5 shorv that during the 9 trials run on each group 
the following number of negative calcinm balances were en- 
countered in decreasing order of occurrence : group III, 9 , 



TABLE 1 

Average Mood picture of cows on different rations during feeding period (mean ± standard deviation). 
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group . 1 , S; group 11, 5 autl group IV, 2 . Since tlie stage of 
lactation was similar for the animals of each group, table 6 
embodying average figures (representing 9 balance trials) is 
presented by groiijis for comparison purposes. These data 
show that the percentages of calcium used by the 4 groups in 
decreasing order were: group I, 37.35 ±9.76; group IV, 
22.56 ± 8.63 ; group IT, 17.65 ± 8.14 and group III, 6.71 ± 4.57. 
The control group cows receiving a low calcium ration utilized 
more of this element than the other groups, which substan- 
tiates the early work on this problem (Huffman et ah, ’30a). 

It will be noted in table 6 that group III receiving the basal 
ration sujip] emeu led with OaCO;. and MnSO* and milking 
an av'erngc of 91.9 ± 36.2 showed an average daily cal- 
cium balance of — 8.38 ± 4.16 gra and 6.71 ± 4.57 % used as 
compared to 2.61 ± 7.23 gm and 17.65 ± 8.14%, respectively, 
for grou]) 11 receiving the basal ration supplemented with 
C'arO;, and milking an average of 93.3 ± 36.0 days. (When 
the data for animal 552 (hiring metabolism period 1/16-22/45, 
which are not of comparal.)le magniliule with the other data of 
group II, are (‘liminated, the halaueo and percentage of cal- 
cium nsod hy this groip) are 0.69 3 : 4.69 and 15.69 ±6.02%, 
respectively). The average daily calcium intake for the cows 
of groups 111 and II ivas 97.17 ± 18.58 and 99.23 ± 14.05 gm, 
respectively. Since the average daily milk production was 
14.23 ± 2.39 Ivg and 14.28 ± 3.67 kg for groups III and IT, 
respectively, the theoretical demand for calcium was similar 
for both grou])s, other than the requirements for maintenance 
(cow 569 was the only pi'ognant cow in groups II or III and 
was carrying a month-old fetus during her last trial period. 
Tlie apparent depression of the metabolism of calcium in the 
animals of group HI was attributed to the h[nS 04 ingested. 
It seems unlikely tbat the greatly reduced utilization of cal- 
cium can be explained by reference to the phosphatase en- 
zjune systom, as the jpriniary effect.s of any acceleration of 
phosphatase activity hy manganese as reiiovted by Wiese et al. 
(’38) should he reflected in the metabolism of phosplioms. 
Although group HI was slightly higher than group II 
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ill the balaneo and p(n'('(‘utage of i)lio,s[)lionis u.s(‘d, jjd)le 6 
indicates that no appi’eciahle i^roiip ditTeriMires (‘.visfod rela- 
tive to the metabolism of phospliorns. 

Upon a consideration of the calcinin metabolism data for 
group IV, the problem is further complicated. A comparison 
of the data for groups III and IV in tabhi 6 .shows the avei-agc 
balance and percentage of calcium utilized by these groups 

TABIjE 7 
Animal hifiitn'it. 
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fO/31 /45 

1 

1/16/16 

557 

TV 

2/14/43 

10/15/45 

1 

1/' 5 '16 



C4iic»rns(\v cow 

M’roii]) 



610 

T 

12/11/37 

10/20 /45 

- 

not bi'iMl 

765 

XT 

6/ 0/43 

11/ 3/15 

1 

not brod 

733 

. in 

3/20/42 

10/17/45 

2 

l/'22/46 

718 

IV 

0/27/41 

1 0/28 A 5 

2 

1/16 '16 

to he - 

- 8.38 + 

4-.16 gm ami 6,71 

/: 4.57 r?' 

at ail average of 


91.9 i 20.3 days in milk and 6.83 -g (5.61 gm ami 22.50 i S.O.'b/h 
at an average of lOO.i) m 37.3 days in milk, respctd ively. The 
intake of calcium and manganese and tin* rate of niilk pro- 
duction were similar in the 2 groipis. During tin- last trial 
period cow 569 in group III was carrying a -l-\veek old fetus, 
while COW.S 386, 557, and 718 in group IV were carrying fetuses 
8, 7 and 7 weefcs old, respectAely. 

Although no explanation can be offered for tlie niecbanism 
involved in the difference in calcium retention in groujis III 
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and IV rpc'oiv'ui.i'* similar amounts of ('aleiiim and manganese, 
tliese data togotlmr with a comparison of those for group II 
indicated that the increased calcium ittilization was effected 
by the ingestion of the additional mineral elements of iodine, 
mag'nesimu, copper, cfthalt, zinc and iron by the animals of 
group IV. 

Whether or not these result.s in some way are caused by the 
function of 1 or of several of the elements in the enzyme or 
endocrine systoins is not known ; however, these elements arc 
known to he in\'ol\'od in several enzyme systems either as ac- 
tivators or as a i)ortion of the enzyme. 

Of interest is the reported observation that manganese is 
removed from solution by the insoluble portion of bone meal 
and OU;, supidements and thus rendered unavailable 

to chickens (.Schiablc and l>andemer, ’42). In the present 
study it is not known what was the fate of mairganese added 
as MnSO, to the grain (tf the group III animals or that of the 
maitgancsf! <‘oiitained in the i\lico ' fed to the animals of group 
IV. It is possilde that these results could bo better oxplaiued 
if tlu‘ fut<>s of the manganese Avere known in each case The 
mang'a 7 i<is(> Ijalancos for this study will be determined later. 

The results of this investigation offer an opportunity for 
conjecture as to their hoing effected by end(»eriues other than 
the paratliyroid glands or by those hiflnoncing the parathy- 
roids. Anb ct al. (’29), Hunter (’dO), Logan et al. (’42) and 
Pngsh'y and .\ndcrson (’24) liave demonstrated an increased 
(‘alcinm excretion following llio administration of tliyroid 
substance and/oi- during conditions of hypcrthyi’oidism. 
Otlioi's (Koclicr, ’ll and Webster ct al., ’.‘it) have shown in 
Wfti'k with humans and rabbits that an excess of iodine 
may stimnlate the ihyroid to bypcr-activity. Pnrthev work 
(iSaltcr, ’4(1) with small animals and humans indicated that 
the res])onso of the normal thyroid to KI depends upon the 
route and duration of admiuistratiou, stale of the animal, 
the dosage nsecl, the species and other factors. 


fo{)!uoU‘ it on |). 
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Saltei’ (’40) stated that an increased thyrotropic activity 
of the piUiitary was found during pregnancy and lactation. 
This may be associated with the negative caleinin halanee.s 
reported for cows during early lactation. Goormaghtigh and 
Ilandovsky (’35) and Nitschke (’33) attributed a thyrotropic 
action to vitamin D when administered in siiiall doses and a 
depression of thyroid activity wlien large doses were given: 
this effect was thought to concern tlie metabolism of iodine. 
Campbell (’42) offered data sui>porting the belief that vitamin 
D tends to spare the parathyroid gland. 

Although literature concerning the relationshiji between 
the sex glands, the anterior pituitary and mineral nndalmlism 
in the bovine is limited, Biddle and Dotli (’45) sliowed that 
the follicular hormone increases tbe .senna calcinni concentra- 
tion of castrated animals of otlier specit'.s. T]ii>s{> workers also 
showed that gonadotropins increase the pdasma calcium level 
only in birds whoso ovaries are sufficientty matured to pro- 
duce estrogen, but are ineffective in mule.s and ovari('ctomi'/,od 
fowl. This study did not determine wbolhe.r the follicular or 
the luteinizing gonadotropin is ehietly (‘oncorned. Itiddle and 
Dotti (’45) further demonstrated that estrogenic hormones 
(estrone, estradiol, estriol and diethylstilljestrol) have a 
specific ability to increase the bound calcium fraction in the 
plasma of doves, pigeons, and other fowl of botli sexes. The 
latter investigation showed that these hormones are equally 
effective in normal, hypophyscetomized, castrated, thyroid- 
eetomized and adrenaleetomized pigeons. The androgens, 
however, did not affect the plasma calcium wlialsoever. 

Progesterone showed only slight ability to inci-easo Itie idaama 
calcium level. 

The literature seems to indicate that various sex and other 
hormones may have a greater role in calcium metaliolism, 
especially during early lactation, than was previously sup- 
posed, and that some of the mineral elements may indirectly 
affect the metabolism of calcium through some of the enzyme 
or endocrine systems. 
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PJi osphoriis metabolism 

The data shown in tables 2-5 for the metabolism of phos- 
phorns indicate that the balance and utilization of phosphorus 
were similar for all groups regardless of the supplement fed, 
However, groups HI and IV which received supplemental 
manganese in addition to calcium showed slightly higher 
phosphorus balances than group I or II not receiving supple- 
mentary inangane.se, although only negligible differences 
existed in the percentages of phosphorus utilized. The num- 
ber of negative phospliorus balances in order of increasing 
frequency were; group TV, 1; group III, 3; group II, 4 aud 
group I, (). 


SUMMAEY 

A study was made of the effects of calcium and manganese 
and other mineral element .supplementation upon the metab- 
olism of calcium and ]ihosphorus during the first 5 months of 
lactation of 8 Holstein and 4 Guernsey cows. 

Calcium oquilihrium was maintained most frequently in 
the group of cows receiving Mico ® as the supplement to a 
basal ration of grain, coni .silage and timothy-clover hay, 
and seemed to be attributable to the additional intakes of 
iodine, magnesium, copper, cobalt, zinc and iron supplied hy 
this product. 

Supplementation of the .same basal ration udtli MnSO.t in 
addition to CaCO;, resulted in negative calcium balances in 
every case, whereas several positive balances occurred and 
higher percentages of calcium were used when the basal 
ration was supplemented with CaCOg alone. The marked de- 
pression of calcium metabolism appeared to be effected by 
MnS 04 supplementation. 

Phosphorus metabolism was not appreciably affected by the 
supplements used in this experiment. 


® See footnote 3 on p. 6G4. 
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Fd’llll yitlUBBS 


(Jft.'coivi‘il l'(ir publii’utioii AiigiiKt 4, 194:7) 

rt IiuR long' l)oe!i recognized tliiit tlio ingestion of inadequate 
quantities oi‘ a eoinploto diet (ciironic partial inanition) re- 
sults in a cessation of Iwuc growtli. Eecontiy, it was observed 
that the bones of young rats, on diets containing large quan- 
tities of lactose or galactose, failed to grow in leng'th or width 
(Handler, ’47). These animals ingnsted adequate quantities 
of a high calcium and phosphorus diet and, in fact, absorbed 
unusually large amounts of calcium from the intestinal con- 
tent.s because of the presence of tlie lactose (or galactose). 
However, tlicse rats also failed to increase in weight because 
of a defective carbohydrate inetaliolisin, suggesting- that 
growth and calcification of the skeleton, like growth of soft 
tissues, are also dependent upon an adequate caloric supply 
and metabolism. The present paper describes the effects of 
simple caloric restriction with an otherwise adequate dietary 
regimen, on skidclal calcification and growth. 

EXPEEIMENTAL 

Tlio animals used were male rats of the Vanderbilt strain 
(Wolfe, Bryan and Wright, ’38). The composition of the 
diets employed is given in table 1. It was arbitrarily decided 
to adopt, as tlio maximal limit of caloric restriction, approxi- 
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(!7y 

ninlelv' of IIk' (nl Hhiiiiiii. iutiiko of iioniial eouU'ols of 

llio same a^'o ami -sviugUl. By (loiil)lhig' llie ('oncentvaliun of 
alJ (lieiary c‘omi)oiioiils save llio sucrose of diet A, aiul flicn 
permiiling the animals on diet B to oat only half as mnoli as 
IJiose on diet A, an intake of all essential nutrients (vitamins, 
minerals, proteins) 0 ([nal to those of the ad libilinih controls 
on diet A was assured. This procedure resnltcfl in a caloric 
restriction of about 50% since diets A and B were virtually 
eqnicaloric. Diet C, when restrieded to an intake equal to 
50(1 of that of the controls on diet A, also resultt'd in a 50% 

TAl'.I.K 1 

'Perrentof/r nf dirts, 

A It r n 

CnsoiiL tin no L‘5 40 

fiucroso 07 154 ?>(» 48 

Ood Uvef* oil 8 8 6 

ftnlt mixtiirt* ^ 4 8 8 0 

In addilitni, (nutli kilo of dit4 A ountaiiuMl tkiaiuine ehlovidc 4 mg, riboflavin 
5 mg, pyridoxine 4 mg, Cfikimii pjintollienato 30 mg, nicothue aeld 10 mg, a-toco- 
plicirol 20 mg, miplit-holiyclroquinom* aeetiitG n mg, ^-aminobonzom acid 50 mg, 
inositol 100 mg, filioUno diluride 250 mg. I^aeh of these was doubled in diets B 
and 0 and increased 50% in diet B. 

^Hnbbell et al. (^37). 

calorie restriction hut the protein intake was also 50% of 
that of the controls. Diet D rvas so arranged that rats ingest- 
ing' 75% as much food as ad libitaim controls ou diet A would 
receive identical supplies of all essential nutrients luit only 
75% of the caloi'ic intake The adocpiacy of intestinal absorp- 
tion of diets B, C and D under such circumstaucos j'omaius au 
urreontrolled problem but there is uo definite reason to sus- 
pect that it was faulty. Tlio salt mixture used in these studies 
Avas one Avliich provides rather more calcium and phosphorus 
than most salt mixtures used for such studies (Ilubhell, Wake- 
mau and Mendel, ’37) and coutaiiis 21.5% calcium and 5% 
pliosphorua. The dietary supply of tlie.se minerals, like that 
of the other essential nutrients iva.s therefore a<le(|uately 
insured. 
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Stu-ii >(iulii>s iiiailc oil a large umiiber of ratn Imt the 
(lat.'i jircscali'd in table li a!-(* given only for 1 sudi esperi- 
nieul. The I'osulls, lu)\vo\’ov, are quite typical of all the series. 
I’ats of 2 ag(}s were stmiied. Their size is indicated in the 
ial)le. ^\lt(;)‘ 10 wecdc.s on tlio various diets, the animals wein 
anesthetized with nembutal given intraperitoneally, lieparin 
was injected into the jugular vein, and blood collected by 
carotid section. AVith this procedure it Ls quite simple to 
obtain 5 ml of blood from a laO-gm rat. Plasma obtained in 
this manner wa.s then used for determinations of calcium, 
])liospliorns, alkaline )>hosj)hatase and total proteins. These 
data are presetded in lal)le 2. 

TABU! 2 

Thr rffrrls of calorie rcsiricfioiu 


(iuuri* 

.\i AHirii 

M’S 

liIMT 

IMTTVT/ 

\V/:i{}/tT 

AVlirtlUT 

VO (111 
rxTAKj: 

PliAsaiA 

ex 

PLASMA 

I* 

I’JyA.SMA 

PHOS- 

PUATASTil 

PLASMA 

Plio- 




Iffil 

UtU 

uwjdny 

VI !/ 

iVf/ 


i/ni % 

1 

8 

A 


+ 1 OK 

O.G 

9.1 

7.5 

15.2 

7.2 

o 

S 

I) 

;if > 

+ 57 

7.0 

9.0 

(1.4 

22.0 

7.0 


8 

iJ 

7)0 

+ 5 

5.0 

8.7 

(1.1 

28.4 

fi.fi 

4 

s 

V 

.1;} 

— 1 

5.0 

8.S 

G.2 

25.1 

0.0 

5 

S 

A 

255 

+ S2 

in.:i 

9.2 

G.S 

12.4 

7.4 

G 

8 

r\ 

251 

~-9(i 

0.0 

8.8 

7.4 

23.2 

5,6 

7 ^ 

tl 

A 

257 


in,4 

7.5 

7.8 

9.0 

G.8 

H - 

G 

n 

2hI1 

—no 

8.0 

7.2 

8.5 

21.5 

5.7 


^ T^odiuisky (Tuits. 

- I *aratliy ro ulodtcauiz* . 


All animals Averc, ])liot()g]‘aplied by x-ray at the start of the 
experiment and figain at its termination. ShoAvn in figmre 1 
is a typical nionil)er of each group, From tlicse plates it can 
bo soon that the young rats, on a 50% calorie intake, not only 
failed in their generalized growth but also showed a complete 
cessation of skeletal growth as well. Considering' also the 
fate of animals on the intermediate level of calorie intake, it 
appears that in young rats skeletal growth is roughly pro- 
portional to general body growth. Tlie limited lu'otciu intake 
of group 4 did not affect this situation. 
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In contrast, considering tlie plates of tlie rats in groups 
5 and 6, it appeared that in the larger rats, who were almost 
fully grown, a calorie restrictiou sufficient to produce a weight 
loss of 100 gnr in 10 weeks (40''!, of their initial body weight) 
resulted in only slight interference with skeletal develojunent. 

Despite the impairment of lengthwise and transverse 
growth of the skeleton of caloric restricted young animals, no 
unusual changes were observed in the plasma calcium con- 
centration in such animals. There did appear to be a definite 
tendency toward lowering of the serum inorganic phosphate 
concentration although this was not as mai'ked as that seen in 
rickets and was not encountered in the larger animals. In 
contrast, in all series caloric restriction elicited a marked 
increase in the serum alkaline phosphatase aedivity. 

Since identical incroases in ])lasina phosphatase activity 
had been obtained in earlier series, it was then thought 
of interest to observe the effects of caloric restrictiou in para- 
thyroidectomized rats. Because of the difficulties inherent in 
parathyroid ablation in rats, total thyroparalhyroidectomie.s 
were performed under ether anesthesia. After a few days 
on a stock diet the rats were transferred to diets A and B 
to which 0.1% desiccated thyroid powder had been added. 
They are included in table 2 as groups 7 and 8. The animals 
on diet A did not grow quite as rapidly as did normal con- 


2 anti 3 X-ray xiliotnjrvaplis of 1 typical member of each of the gnmiis 
clescrihecl in table 2. The in the *V aeries were taken on the first 

cxporiinenlai (lay while tlioso of the B series represent the same rats 10 -weeks 
later. The photogra])hH w(‘re taken umler slanfiarclizetl, conditions and developed 
and printed under identical conditions so tlml the figures rofiect r(*ai differences 
in bone density. 

1 Young rat, fed ad HI) Him, 

2. Young rat, calorie intake li of that of grou]) 1. 

3. Young rat^ caloric intake of that of group 1. 

4. Young rat, caloric intake and protein intake 1 of that of group 1. 

5. Large rat, feci ad lihitim, 

C. Large rat, calorie restricted. 

7. Paratliyroideetoinij?:ed large rat, fed ad lib Him, 

8. Barathyroideetoniized large rut, caloric restricted. 
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trols of this size wiiilo the animals on diet 13 k>,4 somewhat 
more Aveig'ht than did the unoporated animals in groii]) 6. In 
all other respects, however, tliey resembled the mioperated 
anhnals. Like the rats in gronp 6 (caloric restricted large 
rats) the skeletons of the rats in group 8 continued to gTow 
while the animals lost weight. As was to be expected they 
presented lower plasma calcium concentrations and higher 
phosphate concentrations than their controls. Of particular 
interest was the fact that in these loarathyroidectomized, 
caloric restricted animals, also, there occurred a dramatic 
rise in soriun alkaline phospliatase activity. 

Kepresontative femurs from rats in each grou]) were fixed 
in fonnahn, and sections prepared foi’ histologicid examina- 
tion. In the younger animals there was found dclhutc altera- 
tion in bone formation. There were fewer tra1)ecnlae; those 
that were present were stumpier than normal and the cai'tilage 
plate at the ei'iiphyses was not growing actively. In addi- 
tion, the cortices appeared tliinner than in the control animals. 
There was no excess osteoid. In the older animals similar 
differences Avere observed bnt in lesser degree. All these 
changes are non-specific and resemble what is encountered in 
inanition which has been produced by varions means. In 
snmmary, these changes are those which are nsnally observed 
in poorly growing or atlireptic animals. 


Pig. 4 X-ray iiliotographs of the rights liiiul legs of typienl inein]>evs of each 
of the groups in table 2. The legs wero (liHseeletl free nini then ])]u)tographe(T 
simultaneously on 1 plate. The iiumhevH shown eon‘esj)t)n(l to th(‘ groni» uuinborH 
of table 2^ but the animals chosen are, in each case, different from I hose hIioavii 
in hgures .M. 

1. Y'oung rat, fed ad liMimi. 

2, Young rat, calorie intake f of that of group 1. 

Young rat, calorie intake i of that of group 1. 

4. Young rat, calorie intake and protein intake I of that of giM»u|i J. 

u. Large rat, fed ad libitum. 

6. Large rat, calorie restricted. 

7. Parathyroideetomized largo rat, fed ad lihiiim. 

5. ParaUm'oidectomi?'od large rat, calorie restricted. 
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■DISCUSSION 

From ilie data presented tiereiii it sooius (jnite clear that 
caloric restriction results in impairment of skeletal growth 
and that this phenomenon is more marked in yonng rats 
than in tho.se whose growth is almost eomjiloie. Since growth 
and remodeling oi: hone are functions of age, this ohservation 
is not nnexpeeted. Moreover, since skeletal growth, like that 
of any other tissne, is dependent upon a cellular mechanism 
whic'h requires an active earhohydrate metabolism (Gutman, 
Warrick and Gutman, ’- 1 - 2 ) a disturbance in osleogene.sis is 
not sniqirivsing. In a sense, these ex])eriments sei've as a 
control for conpiarison with tin' numerous previous .studies 
of the ctfects of -I'lartial or eoiniilete inanition and indicate that 
the possibility of inadequate caloric* sup])ly must he con- 
sidered whenever bone growth is being studied, indeiicndent of 
the supply of those nutrients which have a specilic* elTect on 
hone formation such as ascorbic acid, vitamins A and I), 
calcium aud ]3hosphorns. These experiments certainly indi- 
cate a need for pair-fed controls whenever studies are made 
of osteogenesis in nutritionally deficient animals. It may be 
presumed that, the classical picture of bone in inanition is more 
likely to he the result of an inadequate caloric supply than of 
any other single dietary factor. It would he of interest to 
determine whether this picture might he modified by the ac- 
tion of estrogens, which decelerate the normal destruction of 
bony trabeculae just licneath the cartilage shaft junction (Day 
and Follis, ’ 41 ), or androgens, since both of these ciiu induce 
])ositive calcium lialance, particularly in osteopctrotics (Beif- 
enstein and Albright, ’ 47 ). 

At present it is not i)0ssihle to interiu’et the results of the 
blood chemical findings in these animals in a detinitive fashion. 
The plasma of all young, caloric restricted animals was found 
to have an OKSsentially normal ‘0010111111 concentration but di- 
minished inorganic phosphate concentration and markedly 
elevated alkaline phosphatase activity. The iilasma inorganic 
phosphate concentration of caloric re.stricted iininnds of the 
older ago group wa.s not essentially different from that of 
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tln'ir (‘(luti'ol--. 'Phis may he coi'rolaU'd Avilli tlio i'aol tliat 
skclofal ii'i’outli ]ii'()c(‘(‘(l(al at (lia nonual slow vatc iii tliesc 
animals. IhiwcviM', tlioy too prosiaitod oie^•atod plasma alka- 
lino phiispiiataso aotivit.y. It wmilcl soom thon that this viso 
ill ]ihosi)iialasi‘ a<‘tiviiy may not have hoou a reflection oC 
metaholic cn'mits in the slwieton, hut, rathm-, was the result 
of an altmu'd liopatie imdaholism under these circnnistancos. 

I nvi'st i‘;'ators of tin* idTocl of total starvation on soumi 
alkaline phosphatase activity ([lodansky and .laffe, ’.’ll; Weil 
and llnsscll. '40) have consistently encountered a fall of ahout 
oOVf from normal vahu's. However, the.se studies were, ]jer- 
fore(', of hri(d‘ duration and Waclistein (’4o) lias found that 
the alkaline phospliatasi- activity (d' the livers of rats and mice 
dyiny of starvation, didm-niiiu'd hi.stolo^'ically, is decidedly 
elevated. Sinci' ( Ipjienlunmer and Flock (’47) have found that 
tlu- increased hepatic alkaline ])hosifliatase aidivity duriiii)- the 
re,i>'enerat i\’e ])ei'iod followiny^ partial hepatocfoiny in the rat 
is aei-omjianieil hy an imu'easod plasma phosphatase activity 
it would seem that sneh yilm.siiJiataso can escape from the 
livm' to aci'umnlate in the cireidation. This possibility seems 
all the more likely when one considers that thei'e is no other 
evidence of failure of biliary concentration in partially hejiat- 
ectomized imts and the alkaline phosphatase acti^■ity of liotli 
normal and reyenm‘atin,<>‘ liven- is larg'oly lionnd to tlu' chro- 
matin structure in the nucleus or mitotic tipuros. .Moreover, 
althoug-h no evidence is availahle which demonstrates a dircu-t 
('ontrol hy tin* i[)arathyroi(.l of hone or serum alkaline phos- 
phalase, it (hies seem sirang-o that parathyroideetoniy shonld 
not liav(> affected tin' hwel of iflasma ])hosphalasG activity in 
caloric rcslricl(nl rats if the plio.siihatnse were ari.sing in the 
metaholieally deranged hone. CVmsidering these facts, it is 
f('lt hy the anthors that while the low plasma pliosifliate and 
high alkaline phosphatase concentrations in young caloric 
restricted rats are accompanied by osteogomdic di.stui-haiices, 
they are probably the coiise(|ueuce of an altered hepatic car- 
bohydrate melaholism i-ather than of motaholu' events in the 
skeleton. 
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In young vats the vate of skeletal growth was roughly 
proportional to the rale of general body g’roAvtli when (‘ulorie 
re.strietioii was the limiting growth factor. Restriction of 
caloi'ic intake to about one-half of that of ad Vdntnm fed 
coiiti’ol animals, while ensuring an adequate supply of all other 
nutrients, resulted in a complete cessation of both skcdetal and 
generalized body growth. Histologically the bones of such 
animals were identical with those usually found in “])artial 
inanition.” In larger, not quite completely grown rat.s, cal- 
orie restriction, sufficient to cau.se a loss of 40^ of their initial 
body weight, only slightly decreased the rate of slndotal 
growth. 

The pla.sma concentration of calcium was noi'mal in all 
animals, Avhile that of inorganic phosphate was below normal 
in the young caloric-restricted animals hnt not in the older 
rats. Caloric restriction in young rats, older rats and para- 
thyroideetomized older rats resulted in a markedly elevated 
pla.sma alkaline phosphata.se activity. However, it is thought 
that these latter changes in the caloric restricted rats are due 
to an altered hepatic carbohydrate metaholi.sm ralher than to 
the defective bone metabolism. 
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THE EFF130T OF ADDED THIAjMINE ON GEOWTH, 
VmOK, AND LEARNING, DSING 
IDENTICAL TWINS 

K cHAN'r mmvAirms, c. tatham,^ nokma fobd walkek 

AND l^EID WEAYEB 

Thr Hoi<p}fHi far Sick Ohihhrn and the Jlcpartment of Paediatrics, 
f^iilvfi%HUp af Toronto, under the dhroHon of Alan Brown, M.T)., 

( f.ond,) and the iJeimrtnientn of Psychology and 
Zoology, University of O'oronto 

(Uoroixvd tor piiMicatuni Jime 27, 1047) 

Two reports^ have been published (Harrell^ ’43 and ’46) 
which indicated that when half of the children living in an 
orphanage wore given 2 mg of thiamine daily, in addition to 
their meals, their vision and their ability in a considerable 
number of psychological tests improved as compared with 
the other half of the children who received placebos and 
served as controls. Each child in the control group was 
matched as closely as possible with one receiving thiamine. 
For 2 periods, several days in length, all the foods eaten in 
the orphanage were weighed and the thiamine intake per 
child ■was calculated from tables. The estimated intake varied 
from 0.9 to 1.0 mg per child per day, but it was noted that 
“no deduction -was made for possible excessive cooking loss.” 

PEESJ3NT STUDY 

In the present study, 44 pairs of identical or uniovular 
twins, living in their homes, were nsed as the test subjects. 
The twins were shown to be identical, that is, 1-egg pairs, by 

^ Swift Foundation research fellow. 
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tlie comparison of tiie color of tlicir eyes an<l hair aufl by the 
study of their finger, palm and foot prints (this part of the 
study was carried out by Dr. Norma Ford Walkei' and Airs. 
Reid Weaver). This method is accepted as reliable by genet- 
icists. Identical twins provide subjects as elo.sely mat(‘hed as 
possible. After the initial examination was completed (.see 
later), 1 member of each pair received 2 mg- of thiamine and 
the other a placebo each day.*^' At the beginning of the study 
the children I'auged from 7J to 151' years in agc' and wt're in 
grades 1 to 9 in school. 


o.-UjOulation' oe thtamive rx oikt 

The eating habits of the 2 members of eat'h pair were iieai'ly 
always found to be closely similar when the mother and 1b<“ 
individixal children were que,stionGd on thi.s snlijc'ct, on d or 
more occasions. In April and May, when the children had been 
receiving the tablet.s about 4 months, each motlu'r was ask(>d 
to keep a week Is rei'ord of all food eatem by each of the 
twins. As the food was not weighed, the amounts w(*re re- 
corded in common household measures. A calculation of the 
thiamine content of the food eaten was then made, using the 
Table of Food Vahie.s recommended for u.so in Fanada (Nutri- 
tion Division, Department of National Health and Welfare, 
’46). The results obtained are shown in table 1. Nine of the 
24 pairs of twins were eating approximately the i-ecoimncndcHl 
daily allowances of thiamine (Food and Nutrition Board, 
National Research Council, ’45), as is shown in cohunn H of 
this table, headed “middle range.” Twndve of the 24 pairs 
were eating 20 to 40 % leas than the recommended allowances. 
In this case, the calculated intakes are showm in (‘oluiun 2, 
under the heading of “low.” Three of the pairs were eutiiig 
more than the recommended amount.s (column 4). It -was 
impossible, under the circumstances, to carry out the numer- 
ous determinations necessary to assay chemically the amount 
of thiamine in the food. 

^ Tablets donated br Mead Johnson and Co. 
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No coi-rolatioii could be found between tlie estimate of tbe 
tliiamine content of tbe diets and the effectiveness of the 
tliiamine supplement, as measured by the tests listed below, 
Tlu‘ economic positions of the families varied greatly. Eight 
pairs ivere living in very poor homes and unfortunately 5 of 
these had to be discarded because the parents did not co- 
operate in giving the tablets regularly. Three other pairs, liv- 
ing in good homes, also had to ])e dropped for the same reason. 
Of tlio 36 pairs who took their tablets with sufficient regularity, 
5 pairs were ijuite well-to-do, 28 pairs were apparently in 
fair to modmutely good financial eircnmstances and 3 pairs 
were in poor homes. 


TABLE 1 



oAr^niTijATicn o.viuv tiiiamink tn Enop katen 

RY 24 PAIRS OE TWIN'S 

A:\[OXrKTS RTCCOM> 
MENDKD BY EOOD 
AND NTJTRITION 
BOARD, N. K. C, 

1 iuvr 

Middle runtre 

High 


Itlll 



mu 

8 

0.7 

0.9 

3,0 

1.(1 

9 

(1.7 

0,8, 0.0 


1.0 

to 

0.7 

3.1, 1.1 


1.2 

11 

0.8 

3.0 

1.3 

1.2 

13 

0.9 

3.1 


3.2 

38 (boys) 

n.9, 0.9, 1.2 


3.8 

1.5 

1.8 (girls) 

1.0, 1.0 

1.3 


1.3 

14 (lioys) 

0.9, 1.0 



3.5 

14 (girls) 


1.3 


3.3 


PKOCEDURE — INITIAL TESTS PRIOR TO 
EXPERIMENTAL PERIOD 

Tlianks to the kind co-operation of the school staffs, facil- 
ities ivere provided which made it possible to carry out all 
tbe te.sts in the schools. Initial tests, prior to the experimental 
yioriod, ivere made in order to compare the physical and 
p,sychological status of the members of each pair and also to 
exclude any pair in wdiich 1 twin was severely liandicapped. 
These tests included a physical and neurological oxainination, 
the determination of weight (indoor clothes, no shoes), stand- 
ing height (no shoes), a rough test of hearing and a careful 
test of the vision of each eye alone and of both eyes together. 



694 


E, 0. I^OIJETIT.SOK AKD OX>£EltS 


For the latter a Snellen chart,'' on which the illnmination 
could be kept constant, was used. This apparatus included 
a light meter, set in a fixed position, wliich mea.sured the light 
reflected from the chart and a rheo.stat for regulating the 
intensity of the light emitted by the 2 rows of frosted bulbs 
that were nionnted on the right and left side.s ot the chart. 
Cai’e was also taken to ensure good illumiuatiou iii the room 
where the test was done. The child ’.s ■vision was .scored hy 
allowing* a specified mark for each letter read ('orrectly at a 
distance of 20 feet — the marks becoming progi'cssivoly larger 
as the letters heeame smaller. 

The following 8 tests were given hy the psychologi.st faking 
part in the study. They took 1 whole school day to admin- 
ister, and in order to reduce the effect of fatigue,^ the time 
was spread over 2 days. For example, a pair of twins exam- 
ined one morning would receive the remainder of tlie te.st.s 
the following afternoon. 

nSYOnOLOUIOAL TES'I’R 

KAME OF TES'r 

1. hidivldml test of vntelUgp.nce 

13 i nut, form E 

2. Test of reasoiungf' Crvailcs 

(Simplo problonis) 

3. (a’) Doimnr 071 Test of l^eading 

Yo pabulary 2 and 3 ) 

(b) Gates Mending Siunieg 

Vocabulary H-tOl 

4. (a) AritJmetio aohievement tests ^ 

ncm* p:rftdn 2 and fou ffradn H) 

(b) Dommion ArHh7netia Test 

Fundamental npcnifion.'^ (grades 4-8) 

5. Test of Mote Memory^ 

T^remorizing meaniiig'R of 18 entirely «trnu|):< 

worda; testinis: iinmediatuly tlioroaftnr. 


® Wo are indebted to the Department of Dliysiology, tTniver«itv of Toronto, for 
the loan of Uiis apparatus, which had previonsly been used in the Hoyal Ctinadian 
Navy, 

'‘Prepared by Dr. John Long, Ontaiio College of Bducatimu 
® Prepared by Dr. A. J. Phillips, Ontario College of 'Ecluention. 

“ Courtesy of Dr, Euth F, Harrell, Norfolk, Virginia. 


AUII.n V TFSTFII 

TntelHgenoe 

Eeasonhig 

Eeadiug 

Eeadiiig 

Arithmetic 

Arilhmotin 

Tiumorlintt* meniory 
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KAWn U¥ TI.hT 

0. 7Va7;V/// f»f (nnj 

rjjvt'Ji o short ruouHurr-<l tuiios tn luomovizo 
luiiooH of 2n fa<‘(‘}5 (luring!: inUijiI 
(tivon no t;h;u\ri* to rt'fro«h memory Riibse' 
<|uouflj% hut sliu\ru fares anti askotl fo imino 
thorn , 

7, Teat of Ctuh'’ l^KhafiivAion'^ 

f''oth* atr t})o inj> of £!ho>'t ronflistioK* of o 
^■('oini'tnr* 'Symbol*- with a difl'ornit ili^dt under 
oKtdi. rhibi to }vut t'orrort diftifs under sym- 
bols printoil on lurcjt? sheets in specified time. 

K. Ttat of Kail Porting ^ 

T‘’iUinR' the jj^roatest inimher of standard h tiles 
with 11 iiuil.-', lomd tip. in a given tmn'. 


AJJTLIl'Y I'KSTKD 

Rotcutioxi or for^ 
gottiDg- over pro- 
longed period 

Hpet^dj pceuracY 


Manual dexterity 


KKSULTS OF INITIAL 

As soon us tiu) initial tests were completed, tlie senior author 
{ussisi'iiccl one twin to the experimental group, to receive 
thiamine, and the other twin was placed in the control group. 
The psychologist, the twins, the parents and the teachers did 
not know which child was receiving the thiamine. 

The average scores of the 2 groups at the beginning of the 
experimental period wore very similar in all the testa. The 
results of a number of the tests are shown in table 2. 


TABLE 2 

Avrmgea of imtial ieaU in v^fra of 


CONTROL 


EXPKRT- 

jrKNTTAIj 


Billet (I.Q, imiiits') 
ireig:ht (iHche.s) 
Weight (poundti') 
Code substiltdien 
Nail sortuicf 


104.(5 

108.6 

55.9 

55.7 

78.5 

77.4 

201.4 

201.8 

R4.1 

R2.8 


9die intelligence quotients ranged from 76 to 158 points. 
The 2 individuals in 7 pairs had the same I. Q. (although not 
due to passing identical items), those in 16 pairs showed less 
than 5 points difference, and those in 13 pairs more than this. 

As far as the individuals making up the pairs were con- 
cerned, their abilities in the special tests used varied much 

'' Obtniaed from Toacliers College, OolumMa University, Kow Tork, 

» Obtained from tbe Department of Psychology, University o£ Toronto. 
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nioi'e than was anticipated. The psychological differences 
found in the pairs will he reported elsewhere. 

■EXPERIMENTAL FERIO'D 

{A) Short form experiment — first 4i months 
As soon as the initial te.sts were completed the twins were 
■started on therapy. The placebos were made of laeto,se of 
identical shape and size as the thiamine-containing tablets, 
but wei’c colored a pale pink. Each child had his own box 
of counted tablets, with his name clearly marked on it and a 
red .seal as well in the case of the placebos. The importance 
of giving each twin his own tablet once a day, preferably after 
breakfast, was stre.s.sed by the senior author when the mother 
was visited, and she was given a calendar on rvhich to mark 
each day on which tablets were given. The mothers were 
visited once a month by the senior author, -when the number 
of tablets remaining was counted, the calendar checked, and 
more tablets left with her. The mothers, who were all very 
interested in their twins, were extremely cooperative. They 
had been told that 1 twin would receive more thiamine per 
day than the other. This, of course, included the thiamine 
eaten in their food. The short-term test covered an all-over 
testing- period of 7 months for the examiners (November to 
June), and of months (the average figure) for each pair 
of twins. During this time, the average number of tablets for- 
gotten was 7. Seven pairs of twins remembered to take the 
tablets every day and the maximum forgotten by any pair 
was 29. The p.syehologieal teats numliered 6, 6, 7 and 8 were 
re-administered every 3 weeks during this months of 
therapy. At the end of the short-term test, the whole battery 
of ifiiy,sical and p.syehologieal tests were repeated. At this 
time, form hi of the Binet test was used, and the alternative 
forms of tests 2, 3 and 4. 


Results of short-term test (first 4i months) 

These results are shown in table 3. The scores obtained 
were subjected to .stati.stical analysis. When 2 ti-ials only had 
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l)een given, the level of signilicaiice of the superior or inferior 
gains made by the thiamine-fed children was measured by 
the t-statistic. Where more than 2 trials were given, the 
method of analysis of variance was used. The latter provides 
an F-atatistie for the significance of the differences between 
the trends of the scores of the experimental and the control 

TABLE 3 

iiiuprrun' or inferior gains of tliiaminr-snpplemenied 
oluldrm in sliort4erm iCsSt, 

K ul } j ei't K — ‘ 3 0 p a irs Dura ti on — 1 8 0 days ( average ) 


P - - Htatisihbs and t 

— Statistics 

with level of sigiiideance. 


XAM iJ OK TIIST 


IjKVPUi IIF 

STONIFI- 

O.INCK OF rj 

T,, 

nUVBIj OF 
SIUNTFI- 
OAN'cris OP 
Fi 5 % 

lutoHigoiH'o — Binot 

— 0.7712 

40% 


Itoasonhig — (Or. 4-8) 

— ' vooji] Hilary 

O.HH) 

80% 


Beading — vocabulary 

— 0.012 

00% 


(Gr. 3--10) 

— 0,073 

90% 


Arithmetic (Gr. 2 and 3) 

— 1.40S 

20% 


A ritliniot ic ( G i\ 4-8 ) 

— 1.500 

10% 


Kote memory 


0.773 

2.43 

Code substitution 


0.462 

2.43 

Manuai de^sterity 


2.330 

2,43 

Faces and names (retention) 


2.159 

3,09 

Height 

2.187 

5% 


■Weight 

2.200 Bot^Yeen 2 and 5 % 


Eyesight (loft eye) 

0.925 

40% 


Pyesiglit (right eye) 

1.108 

30% 


Eyesight (both eyes) 

0.902 

40% 


— • rudicutes tests in which 

control group 

made superior gains, as 

compared 


with thiainiiip-’Sujiplementcd gi’oup. 


groups. (Fi indicates the significance of differences between 
trials.) 

From table 3 it is seen that the experimental group (re- 
ceiving thiamine) made superior gains in height (5% level) 
and weight (between 2% and 5% level). This means that in 
only 5, or 2 times, as the case may be, out of 100 could these 
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superior gains be attributed to cliance. Tlie 5% level of sig- 
nificance is not considered conclusive but only doubtful, lu 
the tests of Nail Sorting (manual dexterity) and Faces and 
Names (retention or forgetting over a prolonged period), the 
experimental group made superior gains which almost reached 
tlie 5% level of significance. In reasoning, rote memory, code 
substitution, and eye-sight, the superiority of the experi- 
mental group was very slight and not significant statistically. 
In intelligence, reading, and arithmetic, the control group was 
slightly superior but this again was not .significant statistically. 

(B) Long-term test (9 months’ duration) 

The long-term test included the short-term one deaeril)efl 
above plus an extension, over the summer holidays, of roughly 

months. During the summer it was not possible to maintain 
close contact with the families and as a result 11 pairs of 
t^rins stopped taking the tablets or took them very irregularly. 
The long-toi'in study, thcroforo, comprised 25 pairs of twins. 
During the 9 months of this test, the averag’e number of tab- 
lets missed was .10, the maximum number forgotten was 29, 
and 2 pairs took them every day. At Ihc end of the 9 months, 
the complete battery of physical and psychological tests wa.'^ 
readrainistored, using the original forms. The results are 
shown in table 4, 

It is seen that in reading and aritbinotic the older children 
(grades 3 to 10) in, the control groipr made slightly greater 
gains than those given the thiamine supplement. Those gains 
were not significant statistically. In the other tests, the ex- 
perimental group (thiamiue-supplemontcd) showed slighfdy 
greater gains, which again were not significant statistically. 
Why the control group largely '‘caught up” on the thiamiuo- 
supplemented group, during the summer, is not clear. It has 
been reported that .American children grow more in weight 
during the summer and autumu than in the rest of the year. 
Also their diets, during the summer and autumn, contain more 
fruits and vegetables, which would increase the thiamine in- 
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take to some extent. Previous investigators (Boss and 
Summei’feldt, ’35), liave shown that the addition of vitamin B 
complex improves the growth of children from 5 to 14 years 
of age. 

TABIjE ‘I 

Superior or inferior gains of ihiaminc-snpph ninited 
cMldrcn in long term test, 

HiibjoctS' — ■ pairs Duration — 273 clays (averap;e) 

D — Statisties mth levels of signifrennee. 


LBVKT. OTT 


XASIKi OP TK.ST 


srcwiPTCAXon 

OP Pi ■ — f> 

InU‘Uigonc?o — Binot 

1.(31 3 

.3.19 

Heasoiii ng ( U r. -l-S ) 

1.073 

3,2(5 

Reading — ■ voealmlary '(Gr. 3-10) 

•— 2,02 

3.25 

Reading — voealndary (Gi’, 2) 

o..n 

4.46 

Arithinotici — (Gr. 4-8) 

■— 1.75 

3,26 

Arithinetie — (Gr. 2 and 3) 

0.48 

4.10 

Roto nunuory 

0.529 

2.29 

Oodo substitute 

0.(324 

2.29 

Manual dexterity 

0.345 

2.29 

Faces and names (retention) 

1,208 

2.46 

Height 

0.483 

3.19 

Weight 

1,148 

3.19 

Eyesight (left eye) 

0.83 

3.20 

Eyesight (right eye) 

1.30 

3.21 

Eyesight (botli eyes) 

O.Gl 

3.20 

— Indicates tests in which control group made superior gainSj as compared with 
tliiuinine-aupplomented group. 

GOlSrCLaSIONB 

1. The administration of 2 mg daily of thiamine for 4i 


months to half of 36 pairs of identical twins resulted in im- 
provement in weight and height gains, and in manual dex- 
terity and prolonged memory test scores, that were of 
questionable statistical significance. The tests used for 
measuring vision, intelligence, reasoning, arithmetic, rote 
memory and code substitution gave results of no statistical 
significance. 

2. Twenty-five pairs of the twins were kept in the study for 
months longer. When they were again tested at the end 



700 


E. C. r.OBERTSOK AND OTHERS 


of this period, that is, after 9 months of therapy, no gains of 
statistical signihcance were evident in any of the tests. 
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STUI3IKS ON THE EEQUIREMENT OF TtlE 
(nilCK FOR TRYPTOPHANE 


M C\ WILKKNIKIJ/ B. M. S(UIWB3C4Ii]KT, P. B. PEABftOiN 
AND R. :M, SHERWOOD 

Dvpdi’l mrnt of Biorhcmlslt'if anfj yutritUm and Dt‘pnri]nnii of 

li usbondrtf, A^irivulinral anti Mc(dimncal CoJJvpe of Tnivas, 
CnJIrffC illation, Texas 

ONK FKU’KK 


(R(HMUvecl for puhlicjitiou August 8, 1047) 

8iiU'(‘ ilu' nvinii speeuos’ diot consists largely of cereal 
grains and their h^’-prodnets, and since the limited ainoinit of 
trypto])haiie ]')rescut in most cereal grains is recognized, the 
need for eonsiderahle information on the tryptophane require- 
ment by various members of the avian species is emphasized. 

"Work on the tryptophane requirement of the chick has been 
reported by Almquist and Mecehi (’41) and Grau and Alm- 
quist (’44). Becent studies by Briggs (’45) and Briggs, 
Grosehke and Lillie (’46) demonstrated that the tryptophane 
requii'cnient wa.s influenced by the level of nicotinic acid pres- 
ent in the ration. 

Tu the present work, experiments were conducted to obtain 
additional informufion on the tryptophane requirement of the 
chick when optimmn levels of nicotinic acid were supplied^in 
the ration. An improved basal j'ation was developed in wliicli 
the protein was supplied by oxidized casein ^oennies, ’42) 
and g'elathi supiplemeuted with the sulfur amino acids. This 
ration when properly supplemented %vith tryptophane sup- 
ported gi’owth which was comparable to that obtained with a 
] 3 i'aotical chick starter or with diets containing untreated 

'Present nrWress: Besenrc'h Laboratory, Security Mills, Knoxville, Tenne,ssee. 
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casein. An independent, second method for determining the 
tiyptophane requirement of the chick involved the substitu- 
tion of casein for oxidized casein in the basal ration. With 
this method graded levels of casein were fed as the source 
of tryptophane. The tryptophane requirement of the chick 
was then established from the minimum level of casein fed 
that supported optimum growth and efficiency of gain (gun 
gain/gra feed consumed). The amount of tryptophane con- 
tributed by this level of casein was determined by microbio- 
logical analysis. 


EXPEETirENTAL AND UESTII.TS 

Care of chicJis. The room in which the ehick.s were housed 
was equipped with steam heat and an air cooling unit. The 
temperature of the room was maintained between 27 and 30 °C. 
The chicks were confined in electrically heated, wire floored 
brooders. A thermostat controlled the temperature of the 
brooders to approximately 35 °0. 

Unsexed, day-old New Hampshire X White Leghorn cross- 
bred chicks and White Leghorn chicks were used in these 
experiments. They were wing banded, weighed, and fed a 
practical chick starter for 10 days. Food and water were 
given ad libiiuni. The chicks were weighed at 5-day intervahs. 
After 10 days the chicks whose weight deviated the greatest 
from the mean were discarded. Ten chicks were then selected 
for each experimental group on the basis of their weight, gain, 
and vigoi" so that the average weight and avei’ag'e gain wore 
the same^ for all groups. The experiments were conducted 
for a period of 2 weeks, and the chicks were weighed on the 
fifth, tenth and fourteenth days. Growth obtained with diets 
to which various levels of tryptophane had been added was 
the major criterion used for establishing the tryptophane 
requirement. The efiicificy of gain was also used as an index 
of the tryptophane requirement. 

Composition of ration. The basal ration had the following 
peremtage composition: oxidized casein 12, gelatin 10, salts 
1 V (Hegsted et al, ’41) 5, corn oil 5, fish solubles (dry basis) 



TIIYPTOPHANE EEQITIKEMENT 


703 


2, /(-)cystine 0.5, fM-inetluonine 1.0, fortified cod liver oil 
(400D-3000Aper gm) 0.75, and corn starch to 100. Each 100 gm 
also contained the following amounts of vitamins (in mg) : 
thiamine 0.60, riboflavin 0.66, pyridosine 0.66, calcinni panto- 
thenate 2.2, nicotinic acid 5.0, inositol 100, choline 200, p- 
aminohenzoio acid 0.2, biotin 0.02, pteroylg’lutamic acid 0.2, 
2-methyl-l,4-naphthoqninone 2.0, and mixed tocopherols 10.0. 
The vitamins and graded levels of tryptophane were added at 
the expense of the starch. 

Adequacy of the ration. Previous workers, who employed 
purified diets in whicli casein and gelatin were the sole sources 
of px'otein, fed at least 18% casein. The possibility of using a 
diet containing 12% oxidized casein was investigated since a 
study of the amino acid composition of the proposed diet re- 
vealed that it apparently supplied all the essential amino 
acids in adequate quantities with the exception of the sulfur 
amino acids, tryptophane, and possibly threonine (table 1). 
Px'cUminary experiments were then conducted to compare the 
growth-promoting properties of the 12% oxidized casein diets, 
supplemented with an adequate amount of tryptophane, with 
a practical chick starter diet and diets containing 12 and 18% 
casein. Prom the results obtained in these feeding trials 
(table 2) it can readily be seen that the growth response of 
the chicks was the same for all rations. As a result of these 
experiments it was concluded that the 12% oxidized casein 
diet, rvhon properly supplemented with tryptophane, was a 
reliitble ration supplying adequate quantities of all necessary 
nutrients essential for the normal growth of the chick. Con- 
.sequently, the diet which contained 12% oxidized casein was 
u.scd in all subsequent experiments. 

These experiments demonstrated that the 12% casein diet 
supported maximal growth when supplemented with cystine, 
methionine, and tryptophane. This observation formed the 

pYoeectoe of Toennies (M2) was modified in order to produce larger 
quantities of this matoriah Details of this procedure may be obtained from a 
thesis submitted by M, 0. Wilkening as a partial fulfillment of the requirements 
of a Master of Science degree in Biochemistry and Nutrition, July, 1947, 
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The amim acid oomimitUm of the basal ration and tho rrporUd m,>urn„rnt 
of each cmuio acMI for the, chid:. 


Asri^ro Aom ^ 


Histidine 

Arginine 

Lysine 

Leucine 

Lsoleiicine 

Valine 

Methionine 

Threonine 

Tryptophane 

X^Iionylalanine 

tLyciiiD 

Cystine ^ 


AMIKO A01I> S<HiReKM 


12% 

nxidizfd 

casein 


10^;, 

Ifelatin 


2% fish 
solubles 
(flvy basis ) 


0.34 

0.47 

0.92 

1.19 

0.G7 

0.80 

0.00 

0.44 

0.003 

0.71 

0.00 


fun. 

0.00 

0.91 

0.58 

0.35 

0.17 

0.27 

0.00 

0.20 

0.001 

0,23 

2.30 

0.010 


Utn 
0.08 
0.00 
0.0 (i 
0.0(3 
0.04 
0.04 
0.02 
0.03 
0.004 
0.03 
0.09 
0.008 


TOTVn .\^fIXn 
Aciri eoNTnx'p 


0.48 

1-44 

3.00 

1.00 
fl.88 
1.11 
O.OS 

0.07 

0.0O8 

0.97 

2.51 

0.034 


a EQU in KM K XT 
AXI> 

UKFKKKXCH 


1.2 

1.1 


0.15 = 

1 . 0 ' 

0.9 ' 

1.5 » 

0.5^ 

0.7 ‘ 

0.0 L* 11.5 - 
1 . 0 “ 

0.5 0.25 

0.5 - 
KO' 
fl.4 


1.8“ 


in was <h.fnr. 

Rioi'k and Bolliiiff (’in), stokpi^ of a'l /’4af V™ C’-’"!, 

-Almquiat and Gmu (> 44), ' ’ ^ and Kacan (’4(!). 

t ravens, Almqnist, Norris, Beflike and Titiw (-’44f 
_'Grnu and Peterson (>4fi), ' 

'Grail and Ahnquist (’44), 

' an essentia] amino acid. 


TABfjE 2 


e3rrc'K.<?. used 
iJn.sul iliot 


12% oxidized casein 
12% casein 
1^^% oxidiziod casein 
18% casein 
I^raetieal chick starter 


WiriTE IiFOKOR,X ^ 


dbtryptu- 

phano 

arldnd 


0.8 

0.5 

0.8 

0.45' 



fhuu 

per 

cliick 

UAMUSHlRi: 

wniTK nv. 

nuoRx J 

iShniihcv 

chicks 

dZ-trypto- 

phjiDo 

added 

Nunilmr 

I'hickN 

Chun 

per 

chick 


fOli 

f/ 

- . . 

10 

8 

9 

15 

19 

15 

O.li 

0.34 » 

10 

10 

144 

149 

8 

1(3 




8 

It) 


10 

148 


0 )ti‘yptophane contents of fha - 

mately equal those of the to approxi- 
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liasis for tlio KOcond method for the determination of the 
trypto])hane recjuirement of the chick. The technique used in 
this method involved the substitution of casein for oxidized 
casein in tlie basal ration and the feeding of graded levehs of 
ca.sein as the source of tryptophane. The casein added in ex- 
cess of 12% was supplied at the expense of the starch. 

Since tlio tryptophane requirement of the chick is influenced 
by the amount of nicotinic acid in the ration, 5 and 10 mg of 
nicotinic acid per 100 gm of ration were fed with a suh- 
optinmm level of tryptophane. The growth response was the 
same for lioth groirps thereby indicating that, for the ration 
u.sed, 5 mg nicotinic acid per 100 gm of ration supplied an 
adequate quantity of this dietary constituent, and this level of 
nicotinic acid was used in all subsequent experiments. 

HfurVieti toifli cfraded levels of tryptophane. It had been 
previously reported that the requirement for tryptophane in 
the dl form was tAvice that for the natural form, and that the 
chick required a]Dproximately 0.25% l(-)tryptophane in the 
diet (Gran and Ahnqnist, ’44). Therefore the first experiment 
in this series Avas designed to feed graded levels of rZZ-trypto- 
jihaiie •’ ranging above and heloAv the recommended level. The 
crossbred chicks were used in this experiment. The chicks 
recoiA'ing the l)asal diet to which no tryptophane had been 
added lost 18 gm (table 3). Approximately 70% of this loss in 
Avnight occurred dui’ing the first 5 days. The deficient chicks 
AAnre less active and they remained inside the heated portion 
of the lu'ooder most of the time. The primary Aving feathers 
AA'ere ragged, comb growth Avas retarded and the chicks ap- 
peared Aveak and emaciated. Typical birds fed the trypto- 
phane deficient and tryptophane supplemented, ration are 
shoAvu in figure 1. 

All analysis of variance showed no significant difference in 
groAvth between groups fed either 0.30, 0.40, 0.50, or 0.60% 
fW-tryptophane. The. chicks fed these diets gained 9 to 10 gm 
per day, Avhich is cousidered excellent groAvtii, and the maxi- 

are indebted to The Bow Chemical Company for generous gifts of dU 
tryptophane. 
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TARUO :! 

Jiffect of fccdinn gi-adeil levrls of trijlitophniu mill cum hi on 
groirth and rffldcneij of gain. 

NUMBKU WKItniT (}AIN’ 

CHICKS at 24 BAYS PKic CHICK ‘ 


fttudics With ti^yptoplume (Now IlmiiiKsIuro x WJilto Loglun-ii ohirhs ) 

Tryptophane (iddofl 
to basal ration (%) 


OAIK 1*1 U. (CW 
raiai conscmcd 


J^licperimnit t 


None 
0.30 dl 
0.40 d[, 
0,50 dl 
0.00 dl 

peri men t 
None 
0,10 ?(-) 
0,15 ?(-) 
0.20 ?(>) 
0.30 dl 
OAO dl 

^irperiment 3 


10 

10 

10 

10 

10 


10 

10 

10 

10 

10 

10 


7<l 

IS 

--0.41 

219 

124 

0.42 

220 

135 

0,47 

224 

130 

0.40 

O'l Lf 

141 

(h4.S 


00 

- - 17 


102 

20 

o.l;i 

104 

112 

0.38 

223 

141 

0,49 

225 

143 

0.50 

221 

VM) 

0.40 


0.125 ?(-) 

10 

1 08 

0.175 ;(-) 

10 

213 

0.250 l'(-) 

10 

204 

0.30 dl 

10 

201 

0.,o0 cU 

10 

208 


Casein added to 

basal ration (%) Studios witlua.aoin 


1.33 

12.3 

121 

12S 


0.15 

0.48 

0.43 

0.44 

0,44 


12 

1.5 

18 


Now Ifanipshire X White 
101 

10 0 ;m 

10 23.5 


Co);rIi()ni 

(10 

151 

154 


12 

15 

18 


White Leghorn 
182 » 
180 
200' 


' Chicles were fed the expeiiniental diet 
** Average weight at 22 days. 

^ Chicks wore fed the e.xperimental diet 


for 14 days, 
for 1« days. 


pi) .) 

90 

110 


1144 

0.54 

0.5<» 


0.42 

0.48 

0.40 
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mal I'fficiciicy of gain obtained was 0.48. In terms of the re- 
ported tryptophane requirement, this was interpreted to mean 
either that the rejan'tod requirement was too high or that the 
(diiek was capable of utilizing’ the i-isomer of tryptophane or 
both. With the ruse of the.se experimental techniques, detailed 



Pifi'. 1 New Tliinipslih-e X Wliito Leghorn chicks after 14 days on oxperiineiit. 
Tho chiek on llie. left reeoivcfl an adequate diet and weighed 222 gm, while the 
(diiek on the right received the basal diet and weighed 63 gm. 


data, have been obtained on the utilization of the d isomei of 
tryptopluine by the chick and the utilization oh.served ranged 
from 17 to 40% (Wilkening and Sehwoigert, ’47). 

Experiment 1 indicated that 0.30% fK-tryptophane may sup- 
ply adequate tryptophane to meet the chicks’ requirement, 
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thevefove oxpevimoiit 2 was clesigiiod to expand and furtiier 
inveatigate the findings of the first experiment. Oi'osshi'ed 
chicks were fed graded levels of Z(-) tryptophane ranging fi-om 
none to 0.20^’t>. T)iets containing 0.30 and 0.40% dhtrypto- 
phane were fed as the positive controls. The results of growth 
a 7 id efficiency of gain for the .second experiment are pi’o.sented 
in table 3. 

The ration wliich contained 0.20 /(-) tryptophane supported 
growth comparable to tliat obtained with rations supple- 
mented with 0.30 or 0.40% dhtryptophane. It was ohvioins 
that the rations containing 0.0 and 0.10% ?(-) tryptophane did 
not support growth comparable to rations containing the 
higher levels of tryptophane. A statistical analysis of the data 
.showed that tlioi'e was no significant difference in the growth 
of ehieks fed diets containing 0.20%i /-(-)trypioplianp and 0.30 
and 0.40% df-tryptophane. The gains observed with the 0.15%, 
l(-) tryptophane ration were significantly different from iho.se 
obtained with the 0.20%, f{-) tryptophane ration (P <.02). 
Thus it was shown that 0.20% /•(-)tryptophane and 0..3() and 
0.40%. df-tixpitophane supjjlied an adequate quantify of 
tryptophane to support both optimum gains and efficiency 
of gain. 

A third exj)eriment was then conducted to fiirther extend 
and confirm the results obtained in the first 2 exj)erimonls. 
Eations containing 0.125, 0.175, and 0.250%, Z(-) tryptophane 
and 0.30 and 0.50% dJ-tryptophano wore fed to the cros.sln'ed 
ehieks. The results of this experiment arc also shown in 
table 3. In the second experiment it wa.s shown that the 
0.15% %-)tryptophane diet did not support maximal growth 
or efficiency of gain, but the 0.20% diet did. In fhis experi- 
ment, it can he seen that the 0.175%, f(-)f,ryptnphane diet sup- 
plied sufficient tryptophane to the basal ration for opfirmnn 
growth or efficiency of gain. As was true in the previous ex- 
periments for rations supplemented with dl-tryptophane, the 
0.30% diet supported maximal gains and efficiency of gain. 

The growth data obtained with rations containing 0.175 and 
0.25% l{-) tryptophane and 0.30 and 0.50% dhtryptoplmne 
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wero treated statistically. Tlie F test showed no significant 
difference between any of these levels of l(-) or dZ-trypto- 
pliane. Therefore, it was conclnded that maximal rates of 
g-ain were obtained with diets containing either 0.175% /(-) 
tryptophane or 0.30% dZ-tryptopliane and that higher levels 
of tryptophane did not result in an increased growth response. 

For maximal gain the minimum amount of Z(-) tryptophane 
which was added to the basal ration was 0.175%o. The basal 

TABLE 4 

of feeding gradrd levels of tryptophane on growth 


TUVI'TOFIIANK AFIH I* 

and efficiency of gain (White Leghorn) . 


NirMlHlTJ 

cninc.s 

WEIGHT 
\T 22 BAYS 

GATN 

I'EH GHIOK 1 

GAIN PER GM 
FEED OOKSUMEP 

rji 


{JO! 

fjoi 

gm 

None 

10 

77 

— 32 


OJOO^(-) 

10 

107 

18 

0.15 

0.135 

10 

150 

06 

0.13 

0.175 ?(-) 

30 

178 

88 

0,44 

0.200 Z(-) 

10 

181 

91 

0.3S 

0.225 2 O') 

10 

384 

94 

0.44 

0.30 dl 

10 

179 

89 

0.42 

^ The experiments 

were oondueled for 12 days. 




ration contained 0.008% Z(-) tryptophane (table 1). There- 
fore the minimum level of Z(-)ti’yptophane in a diet which 
supported optimum growth was 0.183%. From the results ob- 
tained with the oxidized casein diets, the Z(-) tryptophane re- 
quirement of the New Hampshire X White Leghorn cross was 
therefore shown to be 0.18% of the diet. 

Since the results obtained in thi.s laboratory with respect 
to the tryptophane requirement of the chick were not in agree- 
ment with tho.se reported by Gran and Almquist, whose ex- 
periments were conducted with the White Leghorn chick, it 
appeared desirable to obtain information on the White Leg- 
hoi’n. These workers used a 12-day feeding period, and the 
experiments performed in this laboratory with the Leghorn 
were conducted for a similar period of time. The results of 
this experiment are presented in table 4. While the rate of 
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gain was leas for tlie Wliito Leghorn, the relative response 
of the Leghorn to the graded levels of tryptophane was the 
same as that obtained with the liyhrid ehick. Tlie groAvths 
obtained with rations eontaining 0.175, 0.20, and 0.225% H-) 
tryptophane and 0.30% dLtryptophane rvere all of the same 
order of magnitude, but the ingestion of rations eontaining 
lower amounts of tryptophane resulted in correspondingly 
less growth. There was no statistically significant differonce 
in the gains obtained with rations containing 0.175, 0.20, and 
0.225% !{-) tryptophane and 0.30% di-trypto]jhane. Tliese re- 
snlts are in agreement Avith those obtained with the crossln-ed 
chicks and thereby confirm the requirement, of th(‘ ctiidr for 
tryptophane at 0.18%. of the ration. 

Comparative blood studies Avero mad(' on normal and de- 
heient hybrid chicks from Experiment 2 Avliieh had been on 
the test for 14 days. In this study determinations Avere made 
on the hemoglobin and plasma protein levels and thi' appaiamt 
free tryptophane content of the plasma. The results obtained 
for hemoglobin and total plasma protein shoAved no di,lT(n‘t>n(‘e 
betAveen the normal and deficient groups. It appears, tlno-e- 
fore, that a longer time Avonld he reqAiired for a signifitmnt 
reduction to occur iir these blood constituents. IIoAA’ever, the 
apparent free tryptophane leAmls, determined mierohio- 
logically (SehAveigert et ah, ’46) varied Avith the intake of 
tryptophane. The average content of apparent free trypto- 
phane in the plasma of the group receiving the ba.sal ration 
was 1.8 Mg per ml, AAdiile the average leAufi for Ihe gi-oup receh'- 
ing an adequate mnomit of tryptophane Avas 6.5 ng p(>r ml of 
plasma. This ohseiwation eoufirma preA-ioiis lindings wilh the 
rat (Schweigert et ah, ’46). 

Studies ivitJi graded levels of casein. Since the preliminary 
experiments indicated that diet.s containing untreated casein 
afforded a .second method for determining the tryptophane 
requirement of the ehick, an experiment Avas conducted using 
diets in Avhich ca.seiii “ replaced oxidized casein in the basal 

^Tlio casein used in those experiments annlyzecl 14.3% total nitrofron, 10.2% 
moistui*!*, and 1.14 ?(-) tryptophane. The values for total nitrogen and 7('')ti*ypto- 
phane are uneorreeted. 
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rnlifin. Tlu* easciii ^^'ns essentially the sole source of trypto- 
phaiie in the diet, and the tryptophane content of tlie ration 
was varied hy feeding graded levels of casein. The New 
Hamp-shire X White Leghorn cross and the White Leghorn 
chicks were used in this experiment. The results are presented 
in table 3. In the experiment with the hybrid chick, the 12% 
casein diet produced neither optimum gains nor efficiency of 
gain. It was apparent that both the 15 and 18% casein diets 
piaxlnced a similar response, and statistically there was no 
signiiicant difference between these groups. The difference in 
the growth obtained between the 12%. and 15% casein diets 
wa.s bighly significant (P = 0.0012). 

Idle growdh of the White Leghorn on the 15% casein diet 
was ]iot comparable with that of the group fed the 18% casein 
ration, Imt the efficiency of gain was approximately the same 
for both groups. The group fed 15% casein consumed approxi- 
mately 215 gm less feed than did either the group fed 12% .or 
18%. casciu. There was no available explanation for this de- 
crease in feed consumption. Since the efficiency of gain had 
reached a, maximum for both the White Leghorn and the 
hybrid and growth was at a maximum for the latter it was con- 
cluded that 15% casein supplied a quantity of tryptophane 
sufficient to meet the chicks’ requirement. 

The tryptophane content of the casein was determined by 
microbiological analysis using Streptococcus faecalis R as the 
test organism. The tryptophane Avas liberated from the casein 
by alkaline hydrolysis (Kuikeii and Lyman, ’47). The basal 
medium u.sod for the determination of the tryptophane was 
fhe same as that used hy Greenliut, Schweigert and Elvehjem 
(’4G). The Z(-.) tryptophane value obtained for the casein 
was 1.14%. 

It was demonstrated that the 15% casein diet supplied an 
adequate quantity of tryptophane to meet the chick’s require- 
ment and that the casein contained 1.14% ?(-)tryptophane. 
Therefo're, the 15%, casein supplied 0.171% ?(-)tiTPtophane 
while the remainder of the ration supplied 0.005% ?(-) trypto- 
phane. The total’ amount of l(-)tryptophane contributed hy 
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this I'atiou was 0.176%. Ooiiseqnently, tlu* ti'vptophuiio ro- 
quiremeiit of the chick as determined with the casein diets 
was 0.18% of the diet. 

The results obtained with the oxidized ca.seiu and casein 
diets are in excellent agreement. The /.(-)trrptophni!e require- 
ment of the chick, as detenniried by 2 independent methods 
with both the New Hampshire X White Leghorn cross and the 
Wliite Leghorn, i.s 0.18% of the diet, for either growth or for 
efSciency of feed utilization. 

There is no obvious e.Kplanation for tlic diffei-eiice iii the 
results obtained in this laboratory and those repoi'tod by Gran 
and Almquist. However, the level of uicolinie acid or other 
dietary components used may have been coniribntiiig factors. 

S'DMiunv 

Chicks were fed a pnrified, tryptophane-low diet in which 
the major sources of protein were 12% oxidized casein and 
10% gelatin supplemented with cystine and methionim*. 
Chicks grew normally when an adeqnaio amount of trypto- 
phane was added to this diet. ITsing- this ration with graded 
levels of tryptophane and a ration in which untreated casein 
supplied the tryptophane, the l(-) tryptophane requirement 
of the New Hampshire X White Leghorn crossbred chick and 
the White Leghorn chick was shown to be 0.18% of the diet. 
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KUTBITIONAL STUDIES ON MILK FAT 

IIX. THE KJi’EEGT OE THE TREATMENT OE MILIC EAT WITH OEKTAIH 
SOT.VENTS OH THE GROWTH OE YOUHG RATS 


E. L. JACK AHO E, E. HlNSHAW 
Dirisiim of Dalnj liidustr^/, Univemt}/ of California, Davis 

FIVE FIGURES 

(litHMuved I’or publkation August 4, 1947) 

Frovioiis e.xperimonts (Jack et al., ’45) liave shown that 
youii"' rut s I'od diets containing milk fat which had pi'eviously 
Iteeu disHolvetl in pentane ( Skelly-solve A) did not grow as 
well ns tliosti fed diets containing untreated milk fat. Kratzcr 
(’4.)) noted that tlie use of chloroform as a solvent had a 
similar olTcet on chicks. Examination of the fat which had 
been dissolved in pentane showed that it wms not oxidized hy 
the treatment, hut was les.s resistant to oxidation as measured 
hy the development of peroxides in accelerated oxidative 
.stability te.sts at S0"'’C. 

It seemed probable that the retardation of growth could 
have be(‘n caused hy a destabilizing effect of the solvent either 
thrmigh chemical reaction or by a physical reorientation of 
the natural antioxidants present. The possibility of an ini- 
[Uiril.y in tlu.‘ solvent which could have caused retardation of 
growth WU.S iu)t ovei'looked, although this rvas not considered 
likely since the .solvent had a negative pei'oxide test. 

experimental 

A series of diets containing milk fat which had been dis- 
solved in variou.s .solvent.?, followed by solvent-removal before 
feeding, wa.s prepared and fed a.s described earlier (Ilender- 
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son et al., ’45). Two male and 2 female rafs weighing' aboni 
45 gm at weaning were used in each lot. The solventK eliosen 
were methyl alcohol, ethyl ether, acetone, chloroform, and 
pentane as representing the most common types of compounds 
usually used as fat solvents. The solvent Ava.s removed Ip- 
distillation and subsequent sweeping with nitrogfm to rmjiove 
the la.st traces. 



7?/r>e /r? /^oi/rs. 

Fig. 1 Tho development of peroxides in milk fat treated wilh .mTerent solvent. s. 

Figure 1 sliow.s the oxidative stability of the treated fnt.s. 
ihe acetone and chloroform were redi, stilled and ethyl ether 
wa.s fi-eed from peroxides over metallic sodium. Pentane does 
not show as great a destabilizing effect as the other solvents, 
bnt it should he essentially inert since it is a saturated hvdro- 
carbon. 
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Figure 2 sliows the groMhh of rats fed diets coutaiiiing 20% 
milk fat treated with the previously mentioned solvents. This 
is a representative trial among several that were run, all 
showing’ essentially the same relationships. Pentane retarded 



r//7?e />? Days. 

Fig. 2 Tlie growth of young rats fed diets containing fats previously treated 
wirk (lifferont solvents. 


<»Towth to a greater degree than it reduced the oxidative sta- 
bility and this led to an examination of the solvent for possible 
unsuspected impurities. Methyl alcohol caused the greatest 
increase in peroxide number but depressed growth very Wtle. 
Ethyl ether did not depress growth hut produced a high 
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pevoxitlo iiumbi'i'. Tlmve was, lluMalnro, vary little (•((I'l'clntioii 
between groAvtli and peroxide uuiiiber. 

Sidplnrr is a cominoii imparity in solvent-s ni.‘ petrolonm 
derivation but no evideuee of sulplinr could be found. A 
sliglrt g’ununy residue tliat drweloped upon drying wa.s sus- 
peeted of being olotinie in cluiraeter. Treatment with fuming 
sulplmric acid removed tins residue and following thi.s dis- 
covery, all pentane, except where so desigiiat<‘d, bus boon 
treated with fuming sulidiui'ie acid. 



Fig. o Tho development of peroxides in milk fnt ms nffoeted liy purdienlion (d* 
pentane. 

Figure ,1 shows the oxidative .stability of milk fat wliuii has 
previously been dissolved in pnrilied and impnriiied jumtnno. 
it is apparent that purilieutiou of pentane hy Ireatnumt rvith 
fmning snlphuric acid removed the material rrwxKinsible for 
reducing the oxidative stability. 

Figure 4 show’s the growth of rats on diets eoutaining milk 
fat that had been dissolved in purified and nu'iniritied ](eiitnm‘ 
and also the growth on diets containing d milk ftd. fi-aetioiis 
from purified pentane, prepared as described hy liender.son 
and Jack (’44). Apparently, the deletorions effects of the 
impurities were removed since the fat wdiicli had been dis- 
solved in (ho purified pentane produced the same growdh a.s 
that Avhich had not been dissolved in solvent. 
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111 t!i(' previous oxpc'i'iineiits (Jade et al., ’45) it was re- 
poitod tliat milk iat, not solvent treated, produced slic^litly 
, 1 -Teater growtli tliau tlie —53° filtrate fraction. It will be 
noted tliat tbe 53° filtrate used liei’e from purified pentane 
prodiK'od growtli substantially greater tlian the original fat. 



T//r?0 //? Daj/s. 

Pig. 4 The growth of j^oung rats fed diets eontaming fat from purified and 
luipurified pentane. 
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This was to be expected since the — 53'^ filtrate nsed previously 
was prepared with niipurified pentane. 

Table 1 gives the fatty acid composition of the — 53° filtrate 
fraction nsed in this experiment, together with the composi- 
tion of that nsed previously for comparison. 


TABLE I 

Fatiii acid of — dS° fdtrnte fnictionfi. 


MOL riCR CENl" 


LKJfGTF OB’ 

TAKBON CHAIIST 

Prom iinpnrifiod 
[ipntane 

T.V.*"»8.n7, Sap. no. 2iU> 

.n 

From imvtiipil 

pout It HP 

l.V, 00.8, {^up. no. 2'J5. 

Saturated 




c. 

9.3 


4.2 

0, 

6.0 


1.6 

Oa 

2.4 


3,7 

C,a 

4.5 


1.1 

o„ 

3.7 


S.4 

Ou 

7.4 


5.4 

C,. 

H.O 


11.8 

0« 

6.8 


0.2 

C« 

1.4 



Unsatuiatocl 





1.4 


0.3 

Cia 

0.4 


1.1 

c„ 

1.8 


l.I 

c„ 

4.6 


31.7 

c„ 

30.0 


32.4 


0.8 


4.9 

Oaa 



0,7 

Linoleio 

6.0 


8.4 


* *Taclc et al. ( ’45), 

^Thig study. 

^ I.Y, is iodiue value j Sap. is sapouiilontion niimlter. 


The present — 53° filtrate fraction is slightly more un- 
satnrated than the one previously nsed but otherwise i.s not 
greatly different in composition. 

Table 2 shows the feed consumption and efficiency of utili- 
zation of feed on the diets containing the milk fat fractions 
prepared from purified pentane. These values are for the first 
5 weeks only. The amines for the entire 6 weeks for all diets 
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arc not available because of failure of the attendant to weigh 
the reiuaining feed for some of the animals at the end of the 
trial. The data available indicate that there is no sig’nifieant 
difference in 6 weeks from the 5-Aveeks’ results. 

It will be noted that the total feed consumption is not 
greatly different on the different diets. This is in accord with 
the pi-ovious findings by Jack et al. (’45) when milk-fat 
fractions wore fed. The animals on the diet containing —53° 
filtrate fraction ate the least feed and gained the most weight. 
The animals on the diet containing the —20° ppt. fraction 
required the largest amount of feed per gram of gain. 

The reports by Burr and his associates ( ’43, ’44) concerning 
the deleterious effects of oxidized fat in the diet and the 

TABLI5 2 


Fred con.'iiimiitmi and efflcieneij of feed uiiligation on milh fat fractions 
from purified pentane. 


r>iKT 

t'UKD OONSUMED 

5 WEEKS 

GArK IW WEIGHT 

Ti WEEKS 

GRAMS PEED PER 
GRAM OP GAIN 

Original fat 

449 

1S4 

2.49 

Original fat (Purified pentane) 

444 

. 184 

2,41 

Original fat (Uupurified pentane) 

467 

175 

2.67 

—20® ppt* 

474 

160 

2,85 

— 5B® ppt. 

488 

183 

2.67 

— 53® Filtrate 

441 

203 

2,18 


stabilizing effects of tocopherols, taken in conjunction with 
the data presented hei'e, suggested a po.ssible nutritional sig- 
nificance in the oxidative stability of fat. A series of diets 
wa.s prepared in which milk fat was used at different levels 
of oxidative stability as altered in the laboratory. 

Milk fat unoxidized and with no peroxide number was used 
in the control. A portion of this fat was carried to the end of 
its natural induction period, to a peroxide number of 1-2. 
Another portion was mildly oxidized by bubbling oxygen 
through it to a peroxide number of 10-12. And a fourth 
sample was fortified with 0.15% of mixed toeopheroLs after 
being’ taken to the end of its natural induction period. These 
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fats were mixed in diets as before at a level of 20^o and fed 
to young rats. These results are shown in figure 5. 

Tho growth differences are small; however, the mildly oxi- 
dized fat did not produce quite as good growth as the other 
samples containing fat. Neither reducing the induction period 
nor fortifying the destabilized fat with tocopherol had any 
significant effect on growth. 



/’/? Days. 

l"ig. i) The growth of youug lots on diets contniiiing milk fat 
stages of oxidation. 


in different 


DISCUSSION OU EESULTS 

^ The growth-retarding effects of solvents on fats to be used 
in experimental diets evidently result from a residue of a 
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(loletorious ('oinpoiient, where the fat has not interacted 
chemically with the solvent, and where the fat has not become 
oxidized. E eduction of the oxidative stability, short of actual 
oxiihition, in these ex])eriments, did not affect the growth of 
youug’ rats when fed diets containing milk fat treated tlmsly. 
Also, mildly oxidized fat did not reduce growth to the same 
extent as the unpuriiied pentane. 

Noteworthy is the significantly greater growth resulting 
from the diet containing the — 53° filtrate milk-fat fraction 
prepared wdth purified pentane. Tlie animals on this diet 
were able also to use their feed more efficiently. It seems 
jjrohahle that a growth-promoting component from milk fat 
is (‘oncent rated in this fraction. Studies are under way to 
identify this possible component and to determine its mode 
of action. 

The authors do not have any satisfactory explanation to 
account for the differences in weight gains as represented by 
the same diets in figures 2, 4 and 5. 

SUMMAEV AND CONCLUSIONS 

1. Experiments have shown that pentane (Skelly-Solve A) 
contains an impurity which lowers the growth -promoting value 
of milk fat. The oxidative stability is also lowered. 

2. Purification of the solvent by treating with fuming sul- 
phuric acid removes this deleterious eompouent. 

3. Eat dissolved in purified pentane is not reduced in oxida- 
tive stability nor in growth-promoting value. 

4 _ rjpe, — 53° filtrate milk-fat fraction prepared with puri- 
fied pentane produced significantly greater growth in young 
rats than the original milk fat and also greater than the other 
milk fat fractions. 

5. Young rats fed a diet containing —53° filtrate milk-fat 
fraction used their feed more efficiently for growth than those 
fed diets containing the original milk fat and the other 
fractions. 
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IIEATED SOYBEAN OIL EIBAL FOR CHICKS ^ 
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fKofoMVBcl for publication -Inly 1047) 


Alorg'au (’;il) fomicl that the hiological value for rats of 
eereal proteins and casein was decreased by dry lioating at 
ll-0°(h for 1)0 minutes. Later it was shown (Greaves, Morgan 
and Ijoveon, ’.‘18) tJiat lysine was very effective in correcting 
fhe ainijio acid detieiency of heated casein. Boiling or auto- 
claving of mend protein (Morgan and Kern, ’34) and auto- 
claving of edestin (Waisinan and Elvehjem, ’38) for 5 hours 
at 120 “Cf reduced the biological value of these proteins for 
rats. A supplement of lysine to the autoclaved edestin gave 
better growth than did the unautoclaved material. Overheat- 
ing of cereal and other proteins in the explosion process used 
in the preparation of many breakfast foods caused a marked 
deci-ease in protein nutritive value (Stewart, Hensley and 
Peters, ’43; Mitchell, Hamilton and Beadles, ’45). 

hdic nutritive value of soybean oil meal was shown to be im- 
proved by proper heat treatment and impaired by autoclaving 
for too long a time or at too high a temperature (Parsons et ah, 
’39; Bird and Burkhardt, ’43; Evams and McGinnis, ’46). 

' I’ublishud aa Sc-ioiitiflc Piij)er no. 710, College of Agriculture nncl Agricnllural 
Experiment Stations, Institute of Agricultural Seiencea, State College of Wash- 
ington, Pullman, Washington. Presented at the One hundred and eleventh National 
Amerienu Chemical Society Meeting as part of a paper, “The influence of niito- 
ehiving soybean oil meal on the nutritive value of the proteins. ’ ’ 

^ Present address, Division of Cliemistry, Michigan State College, East Lansing, 
JHiphig/ui- 
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Parsons et al. (’39) reported that lysine failed to improve 
the nutritive value of over-heated soybean oil meal. Idvaiis 
and McGinnis ( ’46), using a diet containin g5M dried brewers ’ 
yeast and 5% gelatin in addition to the soybean oil meal, found 
that methionine added to the diet containing over-lieated sov- 
beau oil meal (autoclaved for 30 minutes at 130° C.) gave a 
chick growth response almost equal to that obtained with 
oirthnally heated soybean oil meal plus methionine. 

Clandinin et al. (’47) found that over-heated soybean oil 
meal, when incorporated in a practical soybean oil meal diick 
diet, was deficient in available methionine and lysine, Bince in 
the earlier work (Evans and McGinnis, ’4(1 ; Clandinin et ah, 
’47) all of the dietarjr protein was not supplied by soylrean 
oil meal, it was desirable to determine w’hether amino acids 
in .soybean oil meal other than methionine and lysine are made 
unavailable to the chick by prolonged autoclaving. 

EXPERIMENTAL 

The raw .soybean oil meal used in this study was a solvent- 
extracted product. The required amount for each diet wm.s 
spread in enamel pans to a depth of about 1 inch and then 
autoclaved. As indicated in table 1, some .samples were auto- 
claved for 30 minutes at 100 °0,, whereas, others .were auto- 
claved for 60 minutes at 130° C. The.se treatments had 
previously been found (Evans and McGinnis, ’46) to give a 
soybean oil meal with liigli and low nutritive value, re.six-c- 
fively. 

The percentage composition of the diets fed was as follows: 
Soybean oil meal 48.0, corelose 43.9, mineral niixtnrf' ” .6.0, 
soybean oil 2.5, fish oil (400 A.O.A.O. units D, 1000 U.S.p! 
units A/gm) 0.5, ethanohsohihle liven- fraction 0.1. Vitamins 
were added in milligrams to each 100 gm of diet as follow's ; 
choline chloride 200, mixed tocopherol concentrate 10.0, 
p-aminobenzoic acid 10.0, niacin 3.0, 2-mcthyl 1, 4-naphtho- 

'ComjKwitiou of mineral mixture ; Ground Uraestoiie loTO, diealcinm 

pliosphate 1740, KJIPO, 840, NaC'l 000, MgRO,-rH.,0 500, Ee.GSO.l.XH.O 
5.1, MnSO,.4n,0 29, K[ 3 . 3 , 0iiS0,.5H,0 ].i3, ZnCl., 1.0, CoCL-Cl-pO 'o. 2 . 
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(iuilioiio J.O, riliollavin 1.0, calcium pantothenate 1.0, thiamine 
0.7), pyricloxino HCl 0.5, pteroylglutamic acid 0.05, biotin 0.01. 
Tin* diet.'^ eonfainod protein, 0.26%, methionine and 

0.40% pyatine. The methionine and cystine were detorminecl 
hy the differential oxidation procedure (Evans, ’45). The 
only dilTerenc'es between the various diets were the different 
autodaviny' treatments that the raw soybean oil meal received 
and the amino acid supplements which are described in table 1. 
The amount of cystine and methionine added to the diets was 
^uflicient to meet the chick’s requirement for these 2 amino 
acids, according' to Gran and Almqnist (’43). 

Eusexcd New Hampshire chicks were distributed at random 
into 30 groups of 10 chicks each. The chicks were wing banded 
and iilaccd in electrically heated battery brooders. Each ex- 
IKwinimital diet and water were fed ad lihitiwi to duplicate 
groups of chicks. Tlie chicks were weighed individually and 
fetal consumption determined at weekly intervals. The dura- 
tion of the experiment was 4 weeks. 

RESULTS 

The i-esults on chick growth and feed utilization are sum- 
marized in table 1. The unautoelaved raw soybean oil meal 
gave poor growth, and a supplement of cystine failed to 
appreciably improve tlie growth of chicks fed the raw soybean 
oil meal. Methionine gave a much greater growth response 
than ey, Stine but failed to give maximum growth. A combina- 
tion of methionine and c^’stine gave about the same growth 
as methionino alone. 

Autoclaving the raw soybean oil meal for 30 minutes at 
100°C. gave a pronounced growth response which was more 
than twice as great as that given hy the sur)plement of methi- 
onine to the raw soybean oil meal. Growth of chicks fed diets 
containing soybean oil meal autoclaved for 30 minutes at 
100°C. wavS not improved by supplements of either (1) methi- 
onine alone, (2) cystine alone, (3) methionine and cystine, 
or (4) methionine, 'cystine and lysine. These results together 
with the very satisfactory growth results at 4 Aveeks iudicate 
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that 48% of soybean oil meal in the diet meets the chick’s need 
for amino acids and also that autoclaving at 100 °C. for 30 
minutes did not destroy or render unavailable an appreciable 
amount of methionine, cystine or lysine. 

In contrast to the excellent growth results obtained with 
the soybean oil meal autoclaved at 100°C. for 30 minutes, 
chicks grew poorly when fed soybean oil meal autoclaved for 
60 minutes at 130 °C. This treatment had previously been 
found to decrease the retention of methionine and cystine by 
chicks (Evans and McGriiinis, ’46). In the earliei’ woi’k in 
which soybean oil meal supplied about 60% of the dietary 
protein, a supplement of methionine to soybean oil meal 
autoclaved 30 minutes at 130°C. gave maximum growth. The 
results in table 1 show that supplementary methionine, cystine 
and lysine when added singly to the diet containing the over- 
cooked soybean oil meal failed to improve growth. A combina- 
tion of methionine and cystine did not correct the heat damage 
to the soybean oil meal protein. On the other hand, a combina- 
tion of methionine, cystine and lysine when added to the diet 
containing overcooked soybean oil meal corrected the amino 
acid delicieucies of the heat-damaged soybean oil meal. Since 
a combination of cystine and lysine or of methionine and lysine 
wag not used, it cannot he determined from the data whether 
methionine or cystine Avas destroyed or made nnaAmilahle hy 
autoclaving soybean oil meal at 130° 0. for 60 minutes. 

niSCTTSSION 

The greater groAAdh response obtained in this Avork as com- 
pared to that obtained earlier (Evans and krcGimiis, ’46) hy 
autoclaving for 30 minutes at 100°C. is probably explained 
hy the differeneo in the amount of dietary protein supplied hy 
soybean oil meal. The diets used hi the AYork reported hi this 
paper contained all of the protein from soybean oil meal, 
Avlieroas, the diets used in the earliei' Avork (EAmns and Mc- 
Ginnis, ’46) had about 40% of the protein supplied by dried 
breAvers’ yeast and gelatin. Both of these materials are poor 
sources of metliionine and cystine. Endci' the conditions of the 



730 


J. MCGINNIS AND I{. J. EVANS 


experiment reported in this paper, methionine was not a 
growth-limiting deficiency in the diets containing soybean 
oil meal autoclaved for 30 minutes at 100°C. On the other 
hand, according to Oran and Ahnqnist (’43), the 0.26% of 
methionine and 0.46% cystine supplied by 4(S';?) of soybean oil 
meal would not he sufficient to meet the chick's requirement 
for these amino acids. Or an and Almquist (’43) reported that 
the chick needs about 0.55% methionine and a total of 1.0- 
1.1% of methionine and cystine for maximum growth. 

The effect of methionine in correcting the heat damage to 
soybean oil meal caused by autoclaving for 30 minutes at 
130°C. in the earlier work (Evans and McQ-innis, ’40) was 
probably due to the lysine supplied by the dried brewers’ yeast 
and gelatin and to less destruction of lysine. The failure of 
lysine to correct the heat damage to soybean oil meal re- 
ported by Parsons et al. ( ’3!)) may have been due to a critical 
deficiency of methionine. 

The decreased liberation of nitrogen from soybean oil meal 
by in vitro enzymatic digestion wdth pepsin, trypsin, and 
erepsin caused by overcooking (Evans, ’46) sugge.sts that 
the biological value might be impaired by rendering of the 
proteins indigestible. The data obtained wdth the chick by 
supplementing the heat-damaged soybean oil meal with 
methionine, cv'stine and l.vsine indicate that these particular 
amino acids rather than the entire proteins were affected by 
overcooking under ilie experimental conditions. 

SUMMAHV 

Data obtained with chicks using a diet in wliich soybean oil 
meal supplied all of the protein permit the following con- 
clusions regarding the effect of autoclaving on the biological 
value of soybean oil meal proteims : 

1. Chick growth was not improved by supplementing a diet 
containing raw soybean oil meal with cystine. The addition 
of methionine to this diet gave a growth response that was not 
maximum. 
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2. Autoclaving- raw soybean oil meal at 100°0. for 30 min- 
utes gave a marked increase in its nutritive value as shown 
l)y cliiek growth. Neither methionine nor cystine nor a coni- 
})ination of these 2 amino acids improved chick growth when 
added to tlie diet containing soybean oil meal autoclaved at 
100°C. for 30 minutes. Furthermore, a combination of cy.stine, 
methionine, and ly.sine failed to improve growth. 

3. The nutritive value of soybean oil meal was decreased 
by autoclaving at 130°O. for 60 minutes. The heat damage to 
tiiG soybean proteins caused by this treatment was not cor- 
rected by the addition of methionine, cystine, or lysine. A 
eoinhination of these 3 amino acids corrected the heat damage 
caused by this autoclaving ti-eatment. 

4. The growth re, spouse given by autoclaving raw soybean 
oil meal at 100°C. for 30 minutes was more than twiee^ as 
great as the response given by a supplement of methionine, 
Thi.H indicates that autoclaving raw soybean oil meal improves 
the nutritive value by affecting the availability of nutrients 
other than cystine or methionine. 

a. The methionine requirement of the chick appeared to he 
not more than 0.26% when the diet contained 0.46% cystine. 
It may he possible that New Hampshire chicks require less 
methionine than White Leghoims. 
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RUMEN DIGESTION STUDIES 


I. .4 METHOD OE INVESTIGATING CHEMICAL CHANGES 
IN THE IIUMEN ^ 

E. B. HALE/ C. W. DUNCAN AND G. P. HUPPMAN 
DoiHirUn'Cnts of Dairy and AgricnUnral Chemistry, and the JiistiUite of 
XUrtidtiou, Michigan ^tate CoJieyc, East Ltinshg, Michigan 

(K<‘<'eiYod fuv pulUieutioii July 17, 3U47) 


A universal practice among investigators of ruminant nutri- 
tion, is one of frequent reference to tlie importance of the 
rumen in aceomplisliing the disintegration of plant materials. 
Yet, amazingly little is laiowii of the nature and extent of such 
disin teg-ration, of the responsible organisms, or of tJie rela- 
tion of rumen action to subsequent action in other divisions 
of the digestive tract. Consequently, a comprehensive concept 
of rumen digestion has not been possible. Pi-ogress in the 
elucidation of the chemical changes taking place in the rumen 
has been slow due to a lack of appropriate experimental tech- 
niques. In early studies with fistulated animals results were 
interpreted in terras of the percentage composition of the 
rumen contents as compared with the hay fed (Krzywanek and 
Quittek, ’3(5) or by comparing the composition of the rumen 
contents as digestion progre.ssod (Silver, ’35). Burroughs, 
Gerlaugh, Silver and Schalk (’46) reported a chemical 
method for identifying individual feeds within the rumen of 
(Uittle receiving a mixed ration containing corn, hay and a 
yjrotein supplement. This method was based upon a mathe- 
matical treatment of the principle nutrients contained in the 
ingested feeds and the nutrients present in the rumen ingesta. 

’ Puliliahcil witli tiio approval of tlio Director of tlie iricWgan Agnoultur.al 
Experiment Stution as Journal Article no. 886 (n.s.). 

Present arldress, CTniversity of Ohicago, Chicago, Illinois. 
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Studies of this nature only yield data of relative x'aluo. and 
8'ive little indication of the actual changes. Hale, Duncan and 
Huifinan (’40), however, pointed out the application of lignin 
ratios to investigations of rumen digestion, and MeAnally 
(’42) reported on the value of suspending silk sacs containing 
ground straw in the rumen. These methods seem to circum- 
vent many of the complications introduced by a moving 
system and promise to yield information of a fundamental 
nature. 

In the present paper a critical appraisal of the lignin ratio 
method is made and a technique for measuring the rate of 
rumen digestion is presented. In a previous study (Hale, 
Duncan and Huffman, ’40) lignin was assumed to ho in- 
digestible in the rumen, whereas the present communication 
demonstrates a method of measuring the digestibility of lignin 
in the rumen. 

METirons 

•m 

Chemical procedures. Liginn, cellulose and other eai-ho- 
hydrates were determined by the procedures of Orainpton 
and Maynard (’38) and all the other nutrient values were 
obtained by the A.O.A.C. methods (’40). 

Measurement of concentration hj means of Uc/nin ratios. In 
a preceding paper (Hale, Duncan and Huffman, ’40) lignin 
ratios were used to calculate rumen digestion coefficients. This 
method was based upon the assumption that lignin was not 
digested to any appreciable extent in the rumen. An assump- 
tion of this character permits a measurement of the concen- 
tration of the rumen contents by comparing the per- cent of 
lignin in the rumen with that determined in the ingested hav. 
The method of calculating the rumen coefficients i.q repre- 
sented in the following formula: 

(“I ^ 100 ( nutWont in rumen \ 

VPer {'eufc nutrient in liur/ \ Percent lignYn in 

Bigfostion coefficient of nutrient 

The validity of this method is dependent upon the degree 
to which lignin is attacked in the rumen. Evidence of the 
indigestibility of lignin was obtained by application of the 
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DU'tliod to niiiiDii inatei-ials (Hale, Duncan and Huffman, ’40). 
Any digosl ion of lignin would liave resulted in low digestion 
cot'iliciont.s, y(>l calculated rumen coefficients were hig'li and 
approaeke<l or equaled fecal coefficients. Data of this nature 
.sng’ge.st that lig'uin doe.s not undergo any appreciable diges- 
tion in the rumen: nevertheless, more specific information 
regarding thi.^ point is necessary. Digestion trials reported 
by Kllis, Matrone and Maynard (’46) indicate that lignin is 
not digested by the cow, .sheep and rabbit. 

'Po fill the need for a measurement of the digestibilitij of 
lignin in the rumen, thereby enabling the investigator to 
correct rumen digestion coefficients for any discrepancies 
ari.sing from lignin digestion, the following formula may 
b(> used: 

( Founds of orndt* Ibninds of N.F.P], \ / Pounds of cel- Pounds of other \ 

fiber digfwiud ' difi(*Rted / lluIose digeR ted QHQ digested / _ 

jPounds of lignin in hay 

Biisfufttion of 

'Pills formula is possible since the sum of crude fiber and 
nitrogen-free extract is identical to the .sum of cellulose, other 
carbohydrate.^ and ligTiin. Thus any difference in the digesti- 
bility of the 2 fractions represented in the formula would be 
due to the digestibility of lignin. The digestion coefficients 
derived from formula (1) were obtained originally by assum- 
ing lignin to be indigestible. Although any digestion of lignin 
would result in calculated coefficients lower than the real 
<‘oeffi(‘ients, the error would he of the same magnitude for both 
of the involved fractions. The accuracy of the calculation 
would not he appreciably impaired because the difference 
between these 2 fractions would remain essentially unaltered. 

An idea of the applicability of formula (2) may be obtained 
by applying it to fecal material of Imown digestibility eo- 
efficient.s. By using the data in columns 1 and 7 of talfie 2 
and columns 3 and 8 'of table 3 in the accompanying paper 
Hale, Duncan and Huffman (’47) found the calculated lignin 
digestion coefficients to he 31.3 and 21.9% as compared with 
the respective actual values of 32.7 and 21.5% (table 3). These 

=»Pmin<iK of ft mitriont rftfftrs to the amount per 100 pounds of Imy. 
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values appear to be within the limits of the experimental 
error encountered in digestion trials. 

Corrections for rumen digestion coefficients obtained by 
formula (1) can readily be made if an appreciable digestion 
of lignin is encountered in the rumen. In making the calcula- 
tions, the percentage of indigestible lignin in the hay is used 
rather than the original lignin content of that hay. For ex- 
ample, if the hay contained lo-Q^'/o lignin and if dC of the 
lignin wa.s digested in the rumen, then 0.15 — ( 0.15 X 0.04) 
X 100 or 14.4 would replace the 15.0tt> value in the formula 
for calculating the rumen coefficient. Thus, a formula free 
of any discrepancies introduced liy the po.ssihlo disintegration 
of lignin in the rumen is obtained with which rmneii dig('stion 
(!Ooffieients can bo ealenlatod; 

(j)) If,,) imliKi'stiblo lignin in hfty \ Fpr opuf, putripiit in vumpii \ . 

V Por ('Piit mitripnt in hay Pnr lipiiin in rnnuni / ^ 

DiffPKtkni eopfficknt of nutri^Mit 

In table 3 in the accompanying paper (Hale, Duncan and 
Huffman, ’47) both the original and corrected coeffiinents of 
rmnen digestion are presented. 

Limitations of the lignin ratio method. The lignin ratio 
method is not adapted to the study of rations containing con- 
centrates and it give.s signiifieant values for roughages only 
after rumen digestion has reached a maxinmm. 

As concentrates are detieient in lignin a suitable lignin value 
cannot he obtained for measuring their concentration. In a 
mixed ration differences hi the rate of passage of concentrate.s 
and fibrous materials would invalidate the calculations. In- 
vestigations of the rumen disintegration of concentrat('s and 
mixed rations might hotter lie carried out by means of the 
silk-sae method described by IMcAnully (’42). Results ob- 
tained by this method are limited to comparative interpreta- 
tions alone since concentrate.s Avonld be retained in the rumen 
beyond the period of normal passage and, as l^reAnnlly’s data 
for straw suggest, a retarded digestion may occur (H days 
requii'od for 40% digestion), ’[’ho simplicity of this method, 

*T])is torni roi'vvn to inai^fostihilif y in iho rumen. 
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liowei'er, and tlie large number of samples that may be studied 
recommend its a]3plieation in comparative and preliminary 
investigations. 

The limitation of the lignin ratio method for any measure- 
ment other than that of the maximum concentration in the 
rumen can readily be noted. Wlien an animal consumes the 
feed placed before it, the freshly ingested material is mixed 
with the highly concentrated rumen contents of the previous 
digestion period. This means that a sample collected from the 
rumen immediately after feeding would indicate, on the basis 
of lignin ratios which measure concentration, that consider- 
able disintegration had occurred wliile in reality only a 
mechanical mixing of the hay and the previously concentrated 
rumen contents had taken place. If simple lignin ratios are 
used to calculate the digestibility of dry matter in the rumen 
at zero liours after feeding on the basis of llie data in table 2 
in tlio accompanying paper (Hale, Duncan and Huffman, ’47), 
a value of 38.3% would be obtained. This value represents 
raechaiiical coneeutration only and indicates the magnitude 
of the error resulting' from such concentration. The results 
obtained by Ratlin ow (’38) further demonstrate this limita- 
tion. He used the simple ratio method, employing iron rather 
than lignin, for studies of the rate of rumen digestion and 
obtained values of 32.1, 48.5 and 58.8% for the digestibility 
of dry matter at 3, 6 and 9 hours, respectively, after ingestion. 
Those values, particularly those for 8 and 6 hours, are unduly 
high and are of the magnitude that might be expected from 
mixing the ingesta with the concentrated rumen contents. 

As lignin ratios do not differentiate between mechanical 
concentration and concentration resulting from current dis- 
inlegrative activity, they are limited to the determination of 
the maximum concentration occurring in the rumen. For this 
purpose the method would seem well adapted and subject only 
to those errors innate in ordinary digestion trials. 

Measurement of the passage of nutrients from the rumen or 
a method for studying the rate, of rumen digestion. A moving 
system such as that encountered in the study of immen diges- 
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t.ion presents complications which must be thoi'ouMhly uiidei’- 
stood before undertaking an investigation of the rates of 
chemical changes. In the course of a 12-hour digestion period 
between feedings passage of nutrients from the rumen is 
effected by 2 distinct processes. These are (a) passage of tbe 
concentrated rumen contents remaining in the rumen from 
previous digestion periods,® and (b) separation of nutrients 
from the plant material recently ingested and subsequently 
washed from the rumen. Thus many nutrients pas.? from the 
rumen in both an indigestible and a dig’estible form. Any 
measure of rumen digestion other than that of maximum 
digestion must, therefore, differentiate between these 2 types 
of pas.sage. 

A clear distinction between these 2 types of passage; is 
dependent upon the degree of completion of the digestive 
processes within the 12-hour period following feeding. If 
rumen digestion is complete at 12 hours after feeding, the 
rumen contents present at that time would not undergo any 
fui'ther change and all digestion taking place duriiig Ihe next 
12 hours would represent digestion of the newly ingested 
material. It is important, therefore, to examine evidence 
relating to the completeness of rumen action in the course of 
the normal 12-hour feeding interval. Hale, Duncan and Huff- 
man (’40) removed rumen contents from cows at 34 and 24 
hours after feeding. Eumen digestion coefficients a.s measured 
by lignin ratios wore essentially unchanged, although half of 
the dry matter present in the rumen at 14 hours had passed 
from the rumen during the succeeding 10 hours. Excluding 
ether extract, which is complicated by a synthesis of fat, the 
highest value for rumen digestion observed for the 14-24-honr 
period was only 1.8%. This value is Avitliiu the limit.s of ex- 
pciimeiital error. It might he sugg’estod that even if further 
digestion had occurred a proportionate removal of ligmin 
might obscure tliis digestion. Calculations of lignin digestion 

’ Tins i-effii's to any conccnlrntioii of tlip rumen contents in'eNpec.tiv(‘ of the 
(liKcstion period and also includes the material roaehing a moMmum eoneentration 
m tlm eWTCiit di^^eption period. 
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using' formula (2) eliminate this possibility as zero values 
for lignin digestion were obtained at both 14 and 24 hours, A 
eomparison of rumen concentration at 12 hours with fecal 
concentration gives further evidence of completed digestion, 
ruder conditions at the Michigan Station averag’e rumen co- 
efficients at 12 hours for the dry matter in different lots of 
roughage varied from 45.7 to 48.7% while fecal coefficients 
for the same lots of roughage varied from 46.7 to 59.8%. 
Kumen concentration at 12 hours after feeding is thus seen 
to approach and, in some instances, to equal fecal concentra- 
tion. The uniformity of the rumen values in contrast with the 
variable fecal A-alnes further suggests a “ceiling” on rumen 
digestion corresponding to the lowest fecal concentrations ob- 
served in digestion trials. All rumen digestion coefficients for 
12 hours have approximated the level of such a hypothetical 
“ceiling” and suggest that the maximum limits of rumen 
digestion are normally reached within the 12-hour digestion 
period. The problem of a “ceiling” for rumen digestion is 
discussed further in the accompanying paper (Hale, Duncan 
and Huffman, ’47). Miscellaneous observations of rumen 
pbysiolog'}’- also suggest that the peak of digestion is reached 
within 12 hours after feeding. The rumen pH values begin 
to drop and reach a maximum acidity approximately 6 hours 
after feeding, after which time the values gradually increase 
to the prefeeding level (Monroe and Perkins, ’39; Hale, 
Duncan and Huffman, ’40; Myhnrgh and Quin, ’43). 

The microbiological studies of Bortree ( ’46) on the changes 
ill rumen microflora from feeding might be applicable here. 
The conclusion that rumen digestion comes to an end prior to 
12 hours after feeding would appear tenable. We may, there- 
fore, proceed to a measurement of the different types of 
passage and to a calculation of rumen coefficients. 

In general a digestion coefficient is calculated by dividing 
the amount of a nutrient digested by the amount of the same 
nutrient in the feed and multiplying the result by 100. The 
amount of' a particular nutrient digested in the rumen, and 
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hence the iniraeii digestion coefficient can be determined on the 
basis of the following relationship : 

, V Amount o£ nutriont _ ( Total jiassaKC of tUo __ Rassasi’ of niitHont in \ 
digest<?d in rumen I nutrinnt from the rumen the form f 

Measuremeirt of the total passage of dry matter, or of a jiar- 
ticnlar nutrient, from the rumen can readily he accomplished 
by removing and w’^eighing the entire contents of th(> rumen 
at the time of feeding and again at the end of the digestion 
period under investigation. The total nutrients in the rumen 
after feeding are represented by the sum of the rnmou con- 
tents at feeding and the ing’ested hay. The amount of nnlri- 
ents present at the eird of the specified digestion ]ieriod is 
subtracted from this total to give the total passage of nutri- 
ents from the rumen. As the total xiassage of nutrients from 
the rumen can thus he measured, the problem becomes one ol‘ 
measuring' the passage of the concentrated rumen eoi)t(*nts re- 
maining from the ])revious dig'estioa iHoiods,” i.e., flic iias.sagf' 
of undigested nutrients. 

Lignin values would seem readily adaptable foi‘ such a 
measurement. The percentage of lignin in the rumen contents 
at 12 hours also represents the percentage of lignin in tlie 
maximally concentrated rumen contents since digestion 
reaches a maximal level within the 12-hour period. The total 
amount of lignin passing from the rumen can he measured 
as above. If lignin leaves the rumen exclusively as a com- 
ponent of the maximally concentrated contents -we may then 
calculate the total passage of the.se ooneeutrated rumen con- 
tents as follows: 

Hg nm Ifhvhig riimpn _ ^ Total n mount of ooncoutrutpd 

Per (>01x1 Ugniu in rumen at 1 2 hours eoix touts passing from vinium 

The amount of undigested nutrients passing from the runum 
diming the dige.stion period under inve.stigatiou can ho defier- 
mined from formula (b). 

A question might be raised as to whether or not lignin 
leaves the rumen exclusively as a component of the maximally 

^.ITore Ufjam, Uiis ineluiles tuiy (?onoGiLtmlod rumen eonteiits passing from the 
rnmen^ irrespective o/.‘ the time that U was consumed. 
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concentrated rumen contents. As only small amounts of 
liftTiin are normally digested in the rumen (Hale, Duncan and 
Huffman, ’47) and since such digestion can readily be cor- 
rected for by the use of formula (2), the possibility of lignin 
passing in a digested state does not present a problem. The 
only remaining path of passage would be .as a component of 
lilant fragments not yet subjected to the concentrating action 
of the rumen. The selective passage of highly comminuted 
material from the rumen as noted by Schalk and Amadou 
( ’28) , however, suggests that the passage of plant fragments 
not yet subjected to the concentrating action of the rumen 
would not bo significant. 

Formula (b) can be extended for a measurement of the 
passage of any particular nutrient in the undigested state 
since both the amount and composition of the concentrated 
rumen contents passing from the rumen can be determined. 
Tlni calculation is represented as follows: 


/ \moHnt of liKuinjmvinK vumen \ 

\ Hor cent liprnin in rumen rumen at 12 Jionra / ” in undifyested state 

y at 12 hours / 

The formula for measuring rumen digestion coefficients 
may now be expressed in the following completed form : 


(*U 


f Total amount 
I of nntripnt 
rumen 


Amount of lignin 
l eaving rumen 
Per cent lignin 
at 12 haura 


) 


X 


Amount of nutrient in hay 


Per cent nutrient 
in rnmen at 
12 hours 

X100 = 


Digestion eo efficient of nutrient 

’rhis formula may be applied to studies of the extent of rumen 
digestion of any particular nutrient at any given period after 
feeding, thereby permitting an investigation of the rate of 
rumen digestion. The method proposed for calculating 
digestion coefficients for dry matter and protein at 6 hours 
after feeding is illustrated by the following examples. 

Data. , . 

1. Cow received 11.3 pounds of hay containing 15.2% lignin, 

100% dry matter and 15.5% protein. 

2. Rumen contents at feeding time (i.e., 12 hours after 
previous feeding) contained 25.2 pounds of dry matter, 28.0% 
lignin and 12.5% protein. 
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3. Rimien contents G lionrs after feeding contuimHl 20.2 
pounds of dry matter, 20.2% lignin mul 12.8% prottnn. 

The total passage of all mT.trieal,s (i.e., dry inattm') iuid of 
lignin is needed to complete the valnes reqnii'cd in 
forinnla (4). 

OU (Jaleiilatioli of of dry mat for: 

n.3 + 2d. 2 = 30. d ibs. of dry in rmnon affor feeding’ 

3d.5 “ - 3(1.2 5= f),3 lli.s. of dry mat tor loft ruinon in 0 honus 

X 0.2Si) = 7.3 1])M. of lij^’nin in riunou l)ofm*o foodhi/jf 
1 1.3 X 0.1 r>2 = .1 .7 Ills, (if Jig'll in in hay 

Total — IJiH. of lignjn in ninion aft<a' fi'i ding 

30.2 X 0.2()2 = 7.0 1))h, of lignin in nnnt'ii at 0 hours 

Difforom'O i.l ]l)s, of lignin ivhioh loft rnnum in 0 honrs 

Suhatitulioii in fornuila (4) gives 
1.1 X 1.00 \ 

0.2S0 / 

X 100 rr;:; 22.1 Uvv uuittin’ digostini. 

(O') Calculation of digestibility of tirotoin; 

25.2 X 0.125 = 3.2 IJia. protein in rnmen before feeding 

11.3 X 0.155 = 1.8 lha, of ])roteiu in hay 

Total = 5.0 lbs. of protein in nnn<*n after fi-eding 

30.2 X 0.128 = 3.0 lbs. of protein in rumen ut 0 hours 

Differeneo = 1.1 lbs, of protein Avhieh left rnnuaJ in 0 hnnvs 

Substitution in formula (4) gives 
,25 

X lot) 33.3% prof ton digesbab 

Result.s obtained by applying- llie aliovo iiKdliod In .s(inli(!s 
of the rate of rumen digestion are presented in llie ae(*oin])any~ 
ing' paper (Hale, Ouncau aiul Hnffinnn, ’4-7). 

msOITRSION 

Bpcapitulafion of hiptliotlfi. The theoretical and expori- 
ineiital basis for llie calenlation of rumen digestion oo(‘ffieients 


/ 1.1 X 0. 
V 0.3K!) 

ns 
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lias bec'ii adequately discussed in the presentation of the 
methods and need not he commented on further. 

In investigations of the fate of roughage in the rumen the 
investigator can employ either of 2 methods. In any study 
where a measure of the maximum digestion alone is desired 
foimula (3) should he employed because of its greater sim- 
plicity and because only 1 removal of rumen contents is re- 
quired. For investigations of the rate of rumen digestion 
formula (3) is inadequate and the investigator must apply 
formula (4) to obtain significant values. In this instance 
rumen contents are removed at the beginning of the digestion 
]>oriod under consideration and again at 12 hours after feed- 
ing. Since maximum digestion is achieved within 12 hours, 
lioth methods may be applied at or after that time with 
identical results. 

lignin values form the basis of both of these methods hut 
are ns(>d in 2 distinct ways. In the first instance they are used 
to indicate the ratio between the lignin of the hay and that 
of the rumen contents thereby giving a measure of the eon- 
oontration of the hay in the. rumen. In the second instance 
lignin valne.s are not used to measure concentration hut rather 
to measure the amount of nutrients passing from the riunen 
in the digested and undigested form. The actual amounts are 
then used to ealcnlate digestion coefficients. A method of 
numsnring the rumen digestion of lignin is presented in 
fornrala (2) so that any discrepancies resulting from the 
digestion of lignin in the rumen may he eliminated. 

Tlu'se methods, while seemingly well adapted to studies 
with roughages, are not suitable to studies of mixed rations 
siuee concentrates are low in lignin and pass from the rumen 
more rapidly than roughages. It is suggested that rations 
enutaiuing concentrates may best he studied by use of the 
silk-sac method employed by McAnally ( ’42). The limitations 
of this method have been noted. 

Problems of the chemical changes occurring in the rumen 
readily yield themselves to investigation by a combination 
of the methods described herein. 
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What is oneasuredf Some question might arise as to wh<hlior 
those methods measure true digestion, i.e., the effective solu- 
tion of nutrients, or a mere mechanical passage of jdaut 
particles which escaped the digestive processes. In view of 
the selective passage of highly comminuted material from the' 
rumen (Schalk and Aniadon, ’28) and the tendency towni'd 
stagnation in the rumen, it is unlikely that any appreciahlo 
passage of plant particles not yet thoi’oughly subjected to the 
disintegrative action of the rumen would take place, iriiis 
means that passage from the rumen is almost wholly in the 
form of either maximally concentrated rumen contents m' of 
soluble nutrients. A.s the method presented herein differcui- 
tiates between these 2 types of passage, it may he considma'd 
to measure an actual solution of nntrients. 

Values for rumen digestion coefficients ol)1ainc(l by the 
methods presented are neither unduly high nor low flTah*. 
Duncan and Huffman, ’47). They are well distributed over 
the entire range of possible values with uutrieuta of high 
digestibility approaching the upper limits and those of low 
digestihility nearing the lower. This condition is not likely to 
be obtained if any appreciable amonnt of plant material 
passed from the rumen before reaching the maximum state 
of digestion. Extremes observed were the zero digestion 
coefficient for crude fiber at 6 hours after feeding and tin* 
65.2 and 83.0% digestion at 12 hours for iiitrogeu-frce ex- 
tract and other carbohydrates, respectively. The last 2 values 
represented 100.2 and 101.6% of the fecal eoncentraiiou uf 
these highly digestible nutrients, an nnusuallr preffise co- 
incidence. 

SUMMARY 

Methods for calculating the maximum digestion in the 
rumen on the basis of lignin values have been extended to 
inelndo techniques for measuring the rale of rnmou digestion 
and the digestibility of lignin in the rumen. 

Principles forming the l)asis for rumen digestion calcula- 
tions receive special attention. 
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n. STUDIES I3sr THE CHEMISTBY OF BUMEH DIGESTIOII ^ 
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l^epartinoit}^ of Dairy and Ayricnltural Clicmstryj and the 
I/istitufe of KutritioHj Mivhiyan Stale College, JUast Xxmsing, Micliigav 

(Reeeivod for ]Miblieatioii July 17, 1947) 


By apiilyiiig' now teeliniques to studies of rumen digestion 
of alfalfa liay in tlie bovine, Hale, Duncan and Huffman (’40) 
lir.st demonstrated tbo magnitude of the chemical changes 
taking place in the rumen. Since that time the method of in- 
vosfigaf ion has been extended to ijermit a study of the rate, as 
well as th(' magnitude, of these chemical changes (Hale, Dun- 
can and Huffman, ’47) and the results have been compared 
(luantitatively with digestion in other jiortious of the digestive 
tract. The microbiological aspects of the chemical changes 
have been considered, with special emphasis on fat synthesi.s. 
The results obtained by applying these methods to studies on 
Ihc rate of rumen dige.stion are presented in this paper. 

arETT-IODS 

Rumen digestion coefiieients were measured by the lignin- 
value imdhod of Hale, Duncan and Huffman (’47). In all trials 
with the 2 rumen fistula cows the entire contents of the rumen 
w(H‘e removed, weighed, mixed, sampled and returned im- 
mediately to the rumen after a representative sample of 7--10 
pounds had been taken. Enough alcohol was added to give 
appr(»ximately a 50 % concentration. The samples were stored 

‘ Pulilisliud witli tlic approval of the Director of the Michigan Agricultural Ex- 
perinicut Station as .Tourual Article no. 887 ( 11 . 8 .). 

= Present aiWres.s, ITniver.8ity of Chicago, Chicago, Illinois. 
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ill tlie cold and subsequently dried in a current oi‘ warm air at 
24° G. Samples were removed from cow R-4 at f! and 12 hours 
and from animal B-1 at 14 and 24 hours after I'eedinj!;. A 
period of from 1 to 2 weeks wuvs allowed ])c*hveou such re- 
movals of rumen content to insure complete resumption of 
the normal function of the rumen. 

In .special studies of fat .synthesis 1) cows U'ere fed Inisie 
beet jmip rations low in fat. The speoilic ratioms are !>'iven in 
table 5. Representative smnple.s were takmi from tiio vunum 
of co\s? R-1 which was fed 2 ditferent beet pulp rations. Tlie 2 
cows, 0-167 and 1)-11, were slauglitered and repricsontative 
samples of the rumen contents were taken immcdiaiidy. These 
samples were taken to the laboratory and driisl at once mi the 
steam hath. Since lignin values ari' not applicable for meas- 
uring the concentration of tlie beet pulp ratioms in the rmmm, 
the concentration was assumed to he iKh/r of the focal concen- 
tration, a value suggested hr studies of the ruraon concentra- 
tion of alfalfa. Moriason (’45) gives 71.H(t for tlie fecal 
digestion of dried beet pulp. Ninety per cent of this value 
gives 64.6 as the maximum concentration likely to occur in 
the rumen. Under the conditions of tlii.s experiment, the 
theoretical increase of fat in tlie rumen can be calculated as 
follows when the beet pulp ration comprises 0.43% fat and 
the rumen contents actually contain 2.71% fat 8 hour.s after 
feeding (table 5) : 

(.0043 X .646) X TOO --—0,389^ nu'ronso of fat Out* to eoiuvutmtion 
0.43 4" 0.28 — 0.71 % fat after hoiieeutraliou (theoretical 

/2.71 ---o.riX 

I j ^ too ‘H*l ual iiunTaso of fat ia ruuu»n 

Differences in the gross and net incroast's observed in table 5 
emphasize the importance of olirniuating increaso.s due to the 
concentration of digestion when evaluating rumen syuthesi.s 
in order to make the final test for fat synthesis more'oritieal. 

Lignin, cellulose and other eai’bohyd rates were determined 
by the procedures of Crampton and Maynard ( ’38), fatty acids 
by the method of Horwitt, Cowgill anti Mendel (’36), and all 
other nutrient values by the A.O.A.C. methods (’40). 
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HE8ULTS 

rclntiii,!.- to tlie romoval of rumen contents are pre- 
>oiile(l in lulilo 1, uiid the percentage composition of the alfalfa 
hay ami rumen ermtimts is shown in table 2. Rumen digestion 
eoeflicieuls ealcuhited at various periods subsequent to feed- 
ing are ju'esenled in talile 3. Values for 12 hours or more after 
fei'ding were ohlaiiied by using formula (1) and those for less 
limn 12 lioui's by formula (4) of Hale, Duncan and Huffman 
I *47). Fecal digestion was determined by the usual digestion 
triah. In all iiislanees coefficients for the rumen digestion of 
(iuiiiii were caieulated by using formula (2) of the above 


TABLE 1 

The arnmnit nnd iHrmiUiffe of dry matter in the rumen. 


't » 

DRV MATTUK 

FKD 

TttTAti CONTEKT 

OF RUMEN 

Ony MATOT IK RUMEN 


ihs. 

Iha. 

rjtw no. R.-<4 


Ibft. 


n.B 

185 

16.3 

30.2 



177 

14.G 

26.8 

ft 

11.8 

185 

16.2 

30.0 

12 

11.8 

174 

Cow no. R'l 

14.2 

24.7 

\l 

8.R 

132 

14.2 

18.7 


8.8 

65 

14.5 

0.4 


TABLE S 

/'» i-rritliu/i of alfiilfa hail ntmen rnntants on the dry hasia. 

‘(’•Ow'iw.Vl I'OWNU.K-l AV . OF 8 TRIALS 


Nl, 1 HIEMT 

Alfiilfa 

fifty 

Kuuu'n 

Alfalfa 

Rumen 

Alfalfa 

Rumen 


fS fir. 

12 fir. 

hay 

14 fir. 

24 fir. 

fifty 

12-14 hr. 

Protu ill 

15 ,n 

12.8 

12.5 

17.0 

11,8 

11.0 

16.6 

13.0 

Btlier c^tra(‘t 

1.(1 

2.5 

2 .x 

1.3 

1.9 

1.5 

2.0 

2,5 

<lru<le fiber 

31,4 

43.6 

44.8 

38 . 1 , 

52.0 

fil .5 

33.3 

47.0 

N-F oxtrRct 

45.1 

31 . 1 ) 

31.5 

. 86.0 

24.7 

24.0 

41.1 

27.7 

Ollniusi* 

34.7 

37.0 

36.7 

31 .3 

37.8 

34.6 

33.6 

36.8 

Other CKO 

2 C.G 

12.8 

10.7 

26-1 

4.0 

8.5 

24.9 

8.2 

Lipfinii 

15,2 

26.2 

28.0 

17.5 

34.8 

33.0 

16.1 

30.2 

Dry matter, 
lbs. 

ri ..3 

30.2 

25.21 

8.8 

18.7 

9.4 
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authors. Enmeu eoefficieuts covrocled fur lig'uiii uru 

given in column 7 of table 3 and were obtained by using' for- 
mula (3) of Hale, Duncan and Huffman (’47). Tlu' nuneu 
coefficients at 12, 14 and 24 liour.s were not in luxul of ('oi-ree- 
tioii as lignin rvas not observed to be digested in those ti’ials. 
At 6 hours, 3.7% lignin was observed to lie digested hut since 
the value at 12 hours for the same lot of hay and the same 
animal was — 0.4% the first value was consideri'd to be largely 
an experimental error and corrections were not made. The 
average rumen coefficients for S trials at 12 to 14 hours aftco* 


TABLE n 

}hnne7i and frral (h\(f ration i'nrffUdcniii. 




cow No, K'4 


(MOV 

N'C. IM 

\v, 

. OK ,4 TKD 


NlJTn-TENT 

R 11 moil 


Rtiirii'U 

iitllUiui 



0 hr. 

12 hr. 

14 iir. 

24 hr. 

HD- 1 4 
hr. 

( ‘nr- 
rjuded ^ 


l)ry matter 

22.1 

47.8 

ni).8 

50.0 

40.0 

•17.1 

4H,1 

57.0 

Protein 


01, 1 

00.7 

fiO.7 

00,7 

58.0 

59,0 

roM 

Etlier extract 

72.2 

33,;] 

43.2 

20.3 

3S.0 

;i2.5 

;J5.} 

19.3 

Cnifle fitiev 

— 0.2 

S5.7 

40.6 

;!3.r 

29,4 

25,5 

») 

U%9 

extract 

4^).l 

02.7 

08. 0 

05,0 

02.5 

04.0 

0.5.2 

05,1 

Cellulose 

12,8 

43.fi 

03.1 

.30.:) 

42.9 

42.1 

43,4 

5,5.D 

Otlier CHO 

5?>.3 

80.0 

74.7 

91.3 

82.0 

81.8 


Sl,7 

Ligniu 

3.7 

—0.4 

32,7 

u.o 

O.ii 

3.1 

3.1 

21.5 


^ Corrected for ligniu digostioii. 


feeding include data previously rejiarti'd by Hale, Duncan 
and Huffman (’40). This numher of trials should (>slahlish 
tlie maximum digestion of alhilfa hay in Ihe rumen with some 
degree of certainty. A nioi'c graphic preseiitalion of jhe rale 
of rumen digestion and of digestion in the remainder of the 
digestive tract is given in table 4. Data for cow b’-4 W(>ri' 
to calculate digestion coefficients for tlu> first and second (b 
hour periods and data for cow E-1 to calculate the eoefiicients 
for the second 12-hour jicriods. Average rumen and focal I'o- 
effieients for the 8 trials were used in computing digestion 
coefficients after passage of material from the rumen. 

Dry matter was digested at an even rate throughout the 12- 
hour digestion period with an average digc.stion of 48.4%' 
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obtained at 12-14 bours. Protein, nitrogen-free exti'aet and 
oilier carbobydrates were very rapidly removed during the 
first 6 bours. During the second 6 bours these nutrients were 
removed at approsimately the same rate as the other nutrients. 
Average coefficients at the 12-14-bour period wore 59.6, 65.2 
and 83.0%, respectively. Crude fiber was not digested during 
the first 6 bours but the average coefficient at 12-14 hours was 
27.2%. Apparent ligniu digestion was only 3.1% at the 12-14- 
bour period (table 3). Cellulose was digested largely during 
the second 6-bour period when 30.8% wuis digested* as con- 
trasted with 12.8% digested during the first 6 bours (table 4). 


TABLE 4 

The iliaintegraiion of alfalfa hag w iho rnmvnn'in digestive tract. 


NUTRIENT 

1st 
fi hr. 

RUMEN 

2lUl 

(5 hr.i 

2iid 

12 hr. 2 

UIGEHTTON 
AFTER LEAYIN(3 
RUMEN 

RUMEN 
DIRE.STION 
AS PER me NT 
OT EPIOAU 
nUIESTrOK ^ 



% 

% 

% 

% 

Dry matter 

22.1 

25.7 

—3.4 

8.6 

84,9 

1‘rotein 

33.3 

27.8 

0.0 

0.5 

86.3 

Etliei’ extract 

—72.2 

105,5 

12.3 

—16.1 


Crude ilber 

—0.3 

26.0 

—3,0 

10.7 

58.0 

N-E extract 

4o.l 

17.6 

—3.1 

— n.1 

100.2 

Cellulose 

32.8 

30.8 

3.6 

11.6 

78.9 

Other CEO 

53.3 

26.7 

—8.7 

—1.3 

101.6 

Lif2fnin 

3.7 

— t.l 

0,0 

18,4 

14.4 


^Biffereiiee between columns 1 and 2 in table 3. 

Differonec between columns 4 and 5 in table 3. 
^ Difference between columns 7 and S in tabic 3. 
Obtained from columns 7 and 8 in table 3. 


AVlioii removal of the rumen contents was dela.ved until 24 
bours after feeding, the highest increase in digestion, exclud- 
ing ether extract which is complicated by fat synthesis, was 
only 3.6% (table 4). This slight digestion of cellulose during 
the second 12 hours is in marked contrast to the great activity 
of the first 12 hours. The digestion of ligniu after 24 bours in 
the rumen was observed to be zero in this instance. 

After the plant fragments passed from the rumen an aver- 
age of 8.6% of the dry matter was digested (table 4). Mtro- 
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geii-free extract and other eurhohydrnl oh were not fnrtlier 
digested after leaving the rinnen. Of Ihe other nutrients 
protein averaged 9.5, lignin 18.4, cellulose 11.6, and crude 
fiber 19.7% digestibility in the lower digestive tract. The 
average lignin digestion of 18.4% is in marked contrast to 
the average rumen value of 3.1%. Lignin was the mdy nutri- 
ent digested to a greater extent after passing from the rmnen 
than while in the rumen. 


table 5 

Increuf^a in the eilivr extract centnit of the rainni over that w the raifoa. 


OOlV 

NO, 

IJATIUN 

TTMI3 

AKTKH 

Di-jourNG 

KTHKU 
TOXTRAUT 
IN RATION 

fiTu i;h 
I lXTR \C'T 

IN RITMLN 

URO‘^S 

INf'RKS^K 

X K’l 

iNx ^-.l 



hr'i. 

'A 


'5 

f' 


25 lbs. alftilfa 

0 

l.Ot! 

2.4(; 

5 1 .7 

5i.P 


■ 25 IbH. alfalfa 

12 

LCL! 

2.14 

:i2J 

- 

B-1 

30 lbs. alfalfa 

14 

0.,'jO 

J.IO 

lihho 

2li.5 

E4 

20 lbs. alfalfa 

14 

0.6i( 

o..s;i 

20.0 

’ •53,2 

B-1 

Beet pulp + C“ 

10 

O.tiu 

1.1 u 

040,0 


B-l 

Beet pulp *f M + S * 

S 

0.43 

0.00 

52.5 

- -7.0 

C4G7 

Beet pulp + M 4- S ^ 

S 

0.43 

l.BO 

22:b:i 

05.K 

B-ll 

Beet pulp + M + S ^ 

S 

0.4,3 

2.71 

530.2 

2H1.7 


* After increase duo to conecutration of digostiau ivjis oliniiuutcd. 
® !Fatty acid values used. All others are ether extrjtct valuon. 

^ 12 lbs. beet pulp plus 0.35 lbs. casern. 

MO lbs, beet pulp jilus 5 Ihs. molasses plus 2 lbs. starcb. 


_ When etJier extract values were used with an alfalfa hay ra- 
tion, synthesis was observed at', tlie bcight of digestion only, i.c., 
6 hour.s alter feeding Avluni an iucreaso of 54, 9L' \va,s noted. A 
summary of the data on fat synthesis is presenttal in tahli^ 5. 
During the second 6 hours there was a rapid dis.sipation of the 
accumulated fat which carried over into the second 12-hmu' 
yunnod (table 4). When fatty acid values w^ere used a synthcsi.s 
was observed at 14 Imurs altei' feeding on a 30-pound hay 
ration hut when the ration was reduced to 20 pounds per day 
a negative digestion coefficient of ,33.2% was noted. Net iii- 

croasps in fat on the beet pulp ration varied from 7.0 to 

281.7%. These variations occurred independently of the added 
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supp emeiits. The highest value, 281.7%, was obtained from 
ether extract determinations. A high value of 169.0% was 
observed when fatty acid values were used. 

DISCUSSION 

Although many details of the basic chemical changes oc- 
curring in the rumen are as yet missing and stand in need of 
.ui ther investigation, sufficient data have been accumulated 
to permit a consideration of some of the salient features. 

Dry matter was digested at an even rate throughout the 
12-hour digestion pmiod. During the first 6 liours^ the pre- 
c omiliaut pheiiomeiion was the rapid disappeai'ance of the 
more soluble nutrients, proteins and carbohydrates, from the 
lumen. Cellulose was only slightly digested and lignin and 
crude fiber escaped disintegration. The slow rate of digestion 
of cellulose during this period suggests that bacterial action 
was not extensive. However, Baker ( ’39) observed that hemi- 
celluloso and pectic substances arc readily attacked by the 
iodophile mieroflora of the rumen and bacterial action of this 
nature may be responsible for much of the carbohydrate di- 
gestion observed. AVhether the microorgani.sms play a role 
in the metabolism of the protein which was .so rapidly removed 
from the plant skeleton is not clear. 

During the second 6 hours after feeding cellulose was 
rapidly disintegrated, The digestion of both proteins and 
carbohydrates paralleled the digestion of cellulose. Digestion 
of lignin in the rumen never exceeded more than a few per 
cent. The marked contrast between the fate of lignin in the 
rumen and in other parts of the digestive tract suggests that 
functionally the rumen is not a factor in the degradation of 
lignin. This point is particularly supported by the observa- 
tion that although the fecal digestion of lignin in the hay fed 
COW' E-4 was 32.7%, the digestion of lignin in the rumen 12 
hours after feeding was zero. The rapid removal of cellulose 
during the second 6-honr period indicates that the cytoplastic 
processes of the iodophile microorganisms de.9cribed by Baker 
(’42a) and observed by Bortree (’46) are likely to be the pre- 



754 


J5. B. HALE, C. DOTGAI? AXJ) G, F. lU'FKMAX 


dominant plienomena tlirongbont ibis pciviod. '!->y cnpiloying 
polariseopic teclmiqnes Baber (’30) and Bortrcn* (’-tfi) bnvo 
observed that tbe contoni’s of the area (d’ disinto.t^a'utioTi of 
plant friigmoiiis removed from tbe rnmen eorrospoiid pre- 
cisely witb tbe location of ilie microorganisms. This ttbserva- 
tioii is highly indicative that the ob.serve<l orgnnisjiis are the 
effective agents of disinteg'ration in ilio riiinon. Ifnnien micro- 
organisms are apparently capable of digesting widely varying 
amounts of roughage with equal efficiency since Hale, Hnni-an 
and Huffman (’40) did not obseiwe any differences in the 
extent of rumen digestion of alfalfa bay ^sd|(*n feel al Itwels 
varying from 10 to 30 pounds pan' day. 

linmon digestion was observed, to come to a standsliU within 
12 hours after feeding and a maximum level of digestion was 
always obtained at this time. No sigiiilieani inei'(*a.se in di- 
gestion eoefllcieuts was observed wlnm the rmnov’at of raimm 
contents was delayed until 24 hours after feeding instead of 
12 hours. 

Tbe marked decrease in rumen digestion during the .second 
12-Iiour period is in contrast to the liigh i-ate of dige.stiou ob- 
served during tbe first 12-lumr pericKl. Bumen dignslion (-o- 
effieients for the various lots of bay used in tbe.se; studie.s 
varied from 45.7 to 48.7% while fecal eoeffieieuts .for the .same 
lots of roughage varied from 46.7 to as niucb as atbSH . Bninen 
coofficieiit.s thus appear to remain constant, irrespen-tive of Ihc 
fecal digostilnlity of the bay. This suggest ,s a “(‘(filing’’ on 
rumen digestion, corre.sponding to tin* ]()W(‘.st liwol of focal 
digestion usually observed in dige.sticm trials. 'The probable 
role of lignin in imposing this “coiling” on nimon digestion 
lias been suggested by digestion trials at this station' ( Hale, 
Huneau and Huffman, ’47). The fecal digestion of lignin was 
observed to vary from zero, to as high as 47%., Wbon the di- 
gestibility of lignin wa.s zero, fecal dige.stion for dry mutter 
corresponded to tbe average rumen digestion of dry matter. 
When fecal digestion of lignin was noted, tbe fecal 'digestion 
of dry matter was observed to exceed rumen (lige.slimi co- 
efficients in direct ratio to the amount of lignin digested. 
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In contrast to the rapid, rate of rumen digestion reported in 
this paper, McAnally (*42) found that several days were re- 
quired to obtain any considerable digestion in sacs suspended 
in the rumen. The causes of the impeded digestion are not 
altogether dear hut it is probable that the lack of direct 
mastication, salivation and rumination was responsible. This 
suggests that these physical factors acting u])on ingesla be- 
fore it leaves the rumen serve to accelerate the rale of rumen 
digesticni. Baker and IMartin (’27) noted that gross fracture 
of the plant structur(;.s facililated entrance of microorgnni.sms. 
The degree to which such relationships are effective needs 
further clarification. 

Buinen synthesis of fatty acids was demonstrated with Imlh 
alfalfa hay and beet pnlp rations. Since the net increases 
shown in table 5 do not include the increases resulting from 
the concentration of digestion, these values are considered 
especially significant. The observation that synthesized fat is 
rapidly dissipated from the rumen together with calculated 
increases approaching 300% indicates that fat synthesis may 
be sufficient to make a highly significant contribution to the 
nutrition of iho ruminant. AVhether or not the fatty acids 
observed in the rumen are intermediate or end produet.s of 
digestion is not clear. Baker ( ’39) found that the iodo])hile 
microflora of the rumen not only digest cellulose but also act 
as acceptors for the products of digestion. He coiicluclcd pro- 
visionally (Baker, ’42b) that materials synthesized in the 
rumen, such as polysaccharides, rather than the initial prod- 
nets of digestion, sueh as organic acids, are utilized by the host 
animal. Van der Wath and Myhnrgh ( ’41) are of the opinion 
that iodophile bacteria are able to synthesize glycogen within 
their bodies by ntilizing the products of digestion. It may 
be, therefore, that the increases iii fatty’- acids observed herein 
were due to an aecnmnlation of the initial products of diges- 
tioii not yet synthesized to polysaccharides by the microflora. 
Synthesis of the fatty acids to pol,v.saeeha rides could further 
account for the rapid dissipation of the fatty acids from the 
rumen. On the olhcr hand, the fatty' acids may he utilized by 
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the animal as such or may represent products of l)acitorial 
metaholism. ( 'ontrolled mierohiologieal studies are necessary 
for the resolution of this prohlem. The nature of the fatty 
acids ijresent in the rumen was not investigated. 

SUMMARY 

Studies of the (diemical changes in tlu^ rumen suggest the 
following .salient features regarding tiie fate of roughage in 
tlie ruminant digestive tract: 

1. During the first 6 hours aftrn' feeding the predominant 
phenomenon was the rapid digestion of proteins and eaiho- 
hydrates. Decomposition of cellulose l)egan fluring this period 
hut was not extensive. 

2. The predominant phenomenon during the second 6 hours 
was the rapid disintegration of cellulose. Digestion of pro- 
teins and carhohydrates in this ])eriod paralleled the digestion 
of cellulose. Although small amounts of lignin may be at- 
tacked in the rumen, functionally the rumen is not a factor in 
lignin digestion. 

d. Buraen digestion wus ohstn-ved to come to a standstill 
within 12 hours after feeding. Prolonging the digestion 
periods to 24 hours did not increase runnm digestion cf)effici- 
ent.s. Tngnin apparently protects plant fragments from further 
action hy I'union mi(u*otlora. 

4. Average rumen digc.'stion codlicients foi’ 8 trials at 12 • 
14 hours after feeding were: dry matter 48.4, protein 09.d, 
nitrogen-free extract fir).2, crude til)er 27.2, cellulose 4.‘h4, other 
carhohydrates 83.0 and lignin 3.1%. 

5. After plant fragments pass from the rumen variahle 
amounts of lignin may be digested, thereby exposing varying 
amounts of cellulose and protein to further digestion. Fecal 
digestion was oh, served to he fpxite variahle even though rumen 
digestion of the same lots of hay was very constant. 

d. The caeemn plays only a .supplementary role in the di,s- 
integration of roughage within the ruminant organism. An 
average of 11.0%' of the (‘(dlulose and possilily 9 . 7 )% protein 
was observed to he digested in (lie caecum. 
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7. The prodxietion of fatty acids in the ruuien was demon- 
strated. Maximum inereascs, after the increase due to di- 
gestion was eliminated, were ^i.9% on an alfalfa hay ration 
and 281.7 7® on a beet pidp ration. 

8. The rapid dissipation of fatty acids from the rumen 
together with the marked increa.ses noted suggests that fatty 
acids may make a highly significant contribution to the nutri- 
tion of the ruminant either as an intermediate or end product 
of digestion. 
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